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ABSTRACT

This study assesses which structures, systems, and components of the
exploratory shaft facility (ESF) are important to safety when the ESF is
converted to become part of the operating waste repository. The
assessment follows the methodology required by DOE Procedure AP-6.10Q.
Failures of the converted ESF during the preclosure period have been
evaluated, along with other underground accidents, to determine the
potential offsite radiation doses and associated probabilities. The
assessment indicates that failures of the ESF will not result in radiation
deses greater than 0.5 rem at the nearest unrestricted area boundary.
Furthermors, credible accidents in other underground facilities will not
result in radiation doses larger than 0.5 rem, even if any structure,
system, or component of the converted ESF fails at the same time,
Therefore, no structure, system, or component of the converted ESF is
important to safety.

This work was completed January 1989 and was based on the Title 1 design
of the ESF (DOE, 1988).
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This report was worked on under the carlier WBS element 1.2.4.0.3, but was
completed under the current WBS clement 1.2.1.4.3.2,
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EXECUTIVE SUMMARY

This assessment determines which structures, systems, and components of the
exploratory shaft facility (ESF) are important to safety. If the site is
found suitable during site characterization, the ESF will be converted to
become part of the cperating waste repository. Because there will be no
radioactive waste in the ESF during site characterization, ESF items that
will be removed at the end of site characterization cannot be important to
safety. Therefore, this assessment evaluates only the items of the ESF

that will remain during repository operations.

Most of the ESF items will be removed after site characterization and
before repository operations. The remaining ESF items will be the
underground openings (excavations and shafts), shaft liners (unreinforced
concrete), and ground support (rock bolts and other support features). The
study evaluates the potential failures and the associated effects of
failures of these remaining ESF items. Only potential accidents that could
occur during the preclosure period are addressed in this study (including

waste emplacement, caretaker, and decommissioning periods).

The assessment follows the methodology required by DOE Procedure AP-6,10Q
(Appendix A) and was based on the Title 1 design of the ESF (DOE, 1988).
External and internal initiating events are identified and screened to
determine the events that require further assessment. Seismic events are
the only external initiating events surviving the screening criteria.
Internal initiating events include spontaneous collapses of drifts or shaft
liners. The assessment also considers internal events in other areas of
the underground repository (such as transporter collisions and transporier

hoist failures) in combination with failures of the converted ESF,

Accident scenarios cssociated with failures of ESF items are developed and
described by event trees. The radiological consequence and the aunnual
probability of occurrence of each of the identified scenarios are
determined. On the basis ot the probability estimates, specific scenarios

in the event trees are determined to be either credible or not credible.
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The assessment is based on results of previous preclosure radiological
safety analyses of the potential Yucca Mountain repository (Ma, 1988 and

MacDougall, 1987).

The major conclusion is that failures of the converted ESF and credible
accideats in other underground repository facilities will not result in
radiation doses greater than 0.5 rem at the nearest unrestricted area
boundary, even if another item in the converted ESF fails at the same
time. Credible scenarios that result in offsite radiation doses greater
than 0.5 rem are designated as Q-scenarios, which are further evaluated to
identify items important to safety in accordance with the DOE procedure in
AP-6.10Q. However, no credible scenarios associated with ESF failures
result in doses that exceed the 0.5 rem criterion; therefore, no ESF items
are important to safety. From this study, no items are identified on the

list of items important to safety for the ESF,

This report, including the required list of references and sources of
information, comprises the documentation demonstrating that each step of
DOE Procedure AP-6,10Q has been completed for the assessment of ESF items

important to safety.

ES-2
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INTRODUCTION

Purpose

The purpose of this assessment is to determine which structures,
systems, or components of the exploratory shaft facility (ESF) are
important to safety and was based on the Title I design of the ESF
(DOE, 1988). The assessment will contribute to the development of
design criteria and quality assurance requirements for the ESF. The
results will also be used in the next phase of radiological safety

analyses during the Advanced Conceptual Design.

Scope

This assessment considers only the preclosure period of the potential
Yucca Mountain repository. During repository operations, only
portions of the ESF will remain, including underground openings
(excavations and shafts), shaft liners, and ground support,

Potential failures of these items in the converted ESF are evaluated
(including failures in combination with other acc.dents) using the
repository configuration identified in the Site Characterization Plan
- Conceptual Design Report (SCP-CDR) as a basis (MacDougall, 1987).
The assessment follows the method required by DOE Procedure AP-6.10Q
(Appendix A). The results of the assessment include (1) a list of
ESF items important to safety, (2) a list of ESF items not important
to safety, and (3) the report documentation (including a list of
references and sources of information) demonstrating that each step

of the DOE procedure has been completed.

Organizational Approach

This report is organized into seven sections, including this

introduction. The remaining six sections are as follows:

o) Section 2.0, Facility Description, which describes both the ESF
and the reference repository configuration containing the

converted ESE.

1-1



o Section 3.0, Bases for the Assessment, which defines
"important to safety" and identifies the method and

assumptions used in this assessment

o] Section 4.0, Development of Potential Accident Scenarios,
which addresses the question of potential accidents in the
repository underground facilities assoclated with the

failures of the ESF

0 Section 5.0, Event Tree Analyses, which evaluates the

consequences and probabilities of accident scenarios

o Section 6.0, Identificatlion of Items Important to Safety,
which presents the assessments that result in identification

of ESF items important to safety

o Section 7.0, References, which presents a list of references

and sources of information.

DOE Procedure AP-6.10Q, Identification of Items Important to
Safety, 1s attached as Appendix A.
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2.0 FACILITY DESCRIPTION

2

.1

1.

1

Description of the ESF During Site Characterization

The reference configuration of the ESF used in this report
corresponds to the ESF Title I design, as described in DOE (1988).
The ESF will be constructed at Coyote Wash on the eastern side of
Yucca Mountain approximately halfway up the south side of Dead Yucca
Ridge and will consist of support facilities on the surface, two
exploratory shafts, and underground testing rooms and drifts. There
will be no radioactive materials in the ESF during site characteri-
zation (excep’ very small quantities potentially used in measurement

systems and equipment that support site characterization).

Surface Facilities

The surface facilities will be constructed on a main pad and several
auxiliary pads at the site (DOE, 1988). The main pad contains the
shafts, hoist house, and facilities for shaft sinking and operations
development. Figure 2-1 shows the layout of the main pad. The
auxiliary pads include the booster pump station pad, batch plant and
aggregate stockpile pad, possible topsoil storage pad, equipment
storage, muck storage pad, substation and compressor pad, explosives
storage pad (located far from other pads), G-4 pad (currently
existing pad that can be used for storage of supplies), water tank

pad, and parking pads.

The ESF surface buildings will consist of pre-engineered metal
structures on concrete slabs or portable double-wide trailers (DOE,
1988). All utilities are trenched and routed to the required areas.
Electrical power will be routed from existing lines at the boundary
of the Nevada Test Site. Water will be supplied by an existing well
(J-13).

The shaft collars will be in bedrock and will extend from the
surface to about 16 ft below the surface. The reinforced-concrete

collars provide a foundation for anchoring the headframe.

2-1
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Exploratory Shafts

Two exploratory shafts (i§-1 and ES;2) will be constructed (DOE,
1988). Both shafts will be lined with concrete at least 1 ft thick
and will have an inside finished diameter of 12 ft. The shafts will
include internal structures, conduits, piping, ventilation ducts,

and conveyances to move people and materials.

The shaft liners will be constructed of cast-in-place unreinforced
concrete with a compressive strength of 5,000 psi (DOE, 1988). The
liners perform the following functions:

¢ Prevent rockfall hazards

» Serve as a stable and well defined anchorage for the installation

and alignment of shaft equipment

¢ Provide a smooth, low-friction surface for the efficient flow of

ventilation air
v Protect the wall rock against weathering
The constructien joints between the successive concrete pours will
be about 20 ft apart. The joints will not be watertight, and some

seepage may occur through the joints if groundwater is present.

Figure 2-2 shows the relationship between exploratory shafts and

underground facilities.

Underground Facilities

The first exploratory shaft (ES-1) will provide access to
underground facilities at two elevations, one approximately 600 ft
below the surface and the other approximately 1,050 £t below the
surface (LOE, 1988). ES-1 may also provide access to a station and

a drill room approximately 1,360 ft below the surface in the

2-3
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2.

nonwelcded tuff in the Calico Hills Fermation. However, this
alternative is not currently planned and is not included in the

current reference ESF configuration,

An upper demonstration breakout room, which will be used for

testing, will be mined off ES-1 at about 600 ft below the surface.

Approximately 1,050 ft below the surface (at the intended waste
emplacement horizon), a main test level will be excavated,
including various drifts and alcoves for testing. Figure 2-3
shows the layout of the main test level. Three long exploratory
drifts also will be mined at this level to afford access .o the
Ghost Dance fault, to the Drill Hole Wash structure, and to the
imbricate normal fault zone. The drift to the Ghost Dance fault
will be about 1,200 ft long to the northwest of the central
underground area. The drift to the Drill Hole Wash structure will
extend avout 1,700 ft to the northeast, and the drift to the
imbricate normal fault zone will be about 1,400 ft long to the

southeast.
The second exploratory shaft (ES-2) will provide access to the
main test level only. It will be used primarily to support

construction of the main test level and exploratory drifts.

Description of Repository During Preclosure Operations

If the Yucca Mountain site is determined to be suitable for a
geologic repository, the ESF will be converted to become part of
the repository prior to waste emplacement operations. The
underground repository facilities will include the ESF excavations

as well as additional drifts for access and emplacement of waste.
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2.2.1

Converted ESF Configuration

Prior to waste emplacement, the temporary surface facilities of
the ESF will be dismantled and removed, The only permanent parts
of the ESF to remain during repository operations will be as
follows (DOE, 1987):

o) Underground openings - the space created by mining or
drilling, including those zones within the rock altered by

that process

o Shaft liners - all components placed between the inside
limits of the shaft and the accesslble extent of the
underground opening (includes unreinforced concrete, with
some steel rods that held the forms used to construct the

liners)

o] Ground support - any means used to reinforce rock and/or
control the movement of rock (e.g., rock bolts), except for

removable or replaceable hardware

If coperational seals are used in the ESF, they may also remain as
part of the repository. However, because the excavatlons are
above the water table, it 1s not currently expected that these
seals will be needed, and they are not included in the reference

ESF configuration.

All equipment will be removed from ES-1 and ES-2, leaving
completely bare, concrete-~lined shafts for ventilation. Surface
ventilation structures will be constructed for the repository at
the shaft openings (MacDougall, 1987), but no fans will be

installed.

Neither ES~]1 nor ES-2 will be used to handle radioactive waste at
any time (PBQ&D, 1987). The converted ESF main test level will
contain no radivactive waste, and although the area will not be

needed for repository purposes, it may remain accessible unt.l
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closure (MacDougall, 1987). Some performance confirmation testing
(without radiocactive waste) may continue in the main test level

during waste emplacement operations.

Repository Configuratiou

The underground repository will surround the main test level of the
converted ESF (see Figure 2-4). Two additional shafts will be
constructed near the converted ESF, and two ramps will be excavated

from the surface to the underground repository.

The two converted exploratory shafts will be used as air intakes
for the waste emplacement area during the emplacement phase
(MacDougall, 1987). Approximately 60 percent of the total airflow
into the waste emplacement area will pass through the two converted
exploratory shafts. A waste ramp will permit the waste transporter
to move between the surface and underground facilities and will
also serve as an air intake for the waste emplacement area. The
air will be exhausted from the waste emplacement area through a new
emplacement area exhaust shaft. A men-and-materials shaft will
provide access for men and materials and will serve as an air
intake for the mining development area. A tuff ramp will be used
for removing excavated tuff and for routing ventilation exhaust

from the mining development area,

An emplacement area exhaust building will be located at the top of
the emplacement area exhaust shaft. The building will house
motors, exhaust fans, and high-efficiency particulate air (HEPA)
filters. The filters will normally be bypassed, unless airborne

radioactivity is accidentally released and detected underground.

The three long exploratory drifts extending from the ESF main test
level will become part of the network of access drifts for
underground areas (see Figure 2-5). The exploratory drift to the
Drill Hole Wash structure (to the northeast of the ESF main test

area) will become part of the tuff main and ramp, which are

2-8
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separated from the waste emplacement area by ventilation
barriers. Upon completion of all mining and drilling operations,
the associated portion of the tuff main may be used as an
alternative pathway for loaded and empty waste transporters. The
exploratory drift to the Ghost Dance fault (to the northwest of
the main test area) will become a mid-panel drift, which will be
used for ventilation and for emplacement of waste at the
intersections with emplacement drifts (see Figare 2-6). The
exploratory drift to the imbricate normal fault zone (to the
southeast of the main test area) will be used for access to waste
emplacement areas, but no waste will be emplaced in the drift.
The waste transporter will move waste containers through this

drift during waste emplacement operations.

During repository operations, the underground facilities will be
separated into two areas -~ the development area and the waste
emplacement area. These areas will be separated by ventilation
barriers and will have independent ventilation intakes and
exhausts. The development area will be maintained at higher
pressures than surrounding areas by supply fans, and the
emplacement area will be maintained at lower pressures than

surrounding areas by exhaust fans,

Additional information on the conceptual design of the underground

repository is described by MacDougall (1987).
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(Source: MacDougall, 1987)

(PBQ&D Drawing No. SS/MN524)
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3.0

3.

2

BASES FOR THE ASSESSMENT
This section defines "important to safety," summarizes the method
used to identify items important to safety, and presents the major

assumptions used in this study.

Definition of "Important to Safety"

10 CFR 60 defines "important to safety," with reference to
structures, systems, and components, as '"those engineered
structures, systems, and components essential to the prevention or
mitigation of an accident that could result in a radiation dose to
the whole body, or any organ, of 0.5 rem or greater at or beyond
the nearest boundary of the unrestricted area at any time until

the completion of permanent closure" (NR(C, 1986).

The regulations do not specify any numerical frequency or
probability of occurrence for such accidents. Procedure AP-6.10Q
(Appendix A) state. that only credible accident scenarios having a
0.5 rem or greater offsite dose must be analyzed to identify items
important to safety. Thus, for an item to be important to safety,
its failure must result in a radiation dose at the site boundary
equal to or greater than 0.5 rem and the associated accident
scenario must be termed "credible" or be estimated to have a

probability greater than lO_G/yr (see Appendix A).
Method

This assessment follows the method required by DOE Procedure
AP-6.10Q, "Identification of Items Important to Safety" (see
Appendix A). The method involves 13 steps as described in Table
3-1. The table identifies the subsections of this report in which

each step of the assessment for the ESF is discussed.

3-1
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Table 3-1

PROCEDURAL STEPS FOR
IDENTIFYING ITEMS IMPORTANT TO SAFETY

Step Description Subsection

1 Select Documented Design Confilguration 2,1 and 2.2
2 Define Compartments 4.1

3 Assign Compartment Locations to Items 4.1

4 Identify and Screen Initiating Events 4.2

5 Develop Event Trees 4,3

6 Estimate Doses 5.1

7 Classify Scenarios as Credible or Not 5.2

Credible
8 Identify Credible Scenarios Exceeding the Dose 6.1

Criterion (Q-Scenarios)

9 Identify any Other Scenarios Exceeding Other 6.1
Criteris (Q-Scenarios)

10 Eliminate NQ-Scenarios from Further Analysis 6.2

11 Evaluate Q-Scenarios to Identify Items 6.3
Important to Safety

12 Construct a List of Items Important to Safety 6.3

i3 Iterate the Above Steps for Future Stages of 6.4
the Design

Source: Appendix A
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Step 1 involves the selection of a documented design configuration
for the ESF and the repository. These configurations are

described in Subsections 2.1 and 2.2.

In Steps 2 and 3, the converted ESF design configuration is
separated into compartments. Compartment locations are assigned
to each item in the converted ESF (as identified by following the
DOE Procedure AP-6.9Q, 1989). These steps are described in

Subsection 4.1.

Step 4 involves identification and screening of initiating
events. External and internal initiating events are discussed in

Subsections 4.2.1 and 4.2.2, respectively.

In Step 5, event trees are developed for credible initiating
events that could lead to a significant radiological release.
Subsection 4.3 describes the event trees for accidents involving

converted ESF failures.

Radiation dose consequences are calculated in Step 6 for each
scenario in the event trees. Subse.tion 5.1 describes the

radiation dose calculations.

In Step 7, scenarios are classified as credible or not credible,

as described in Subsection 5.2.

Steps 8 and 9 involve identification of credible scenarios that
exceed the dose criterion of 0.5 rem or other specified criteria.
These scenarios are designated as Q-scenarios, These steps are

described in Subsection 6.1.

In Step 10, other accident scenarios that either are not credible
or do not exceed the dose criterion are designated as NQ-scenarios
and are eliminated from further analyses used to identify items

important to safety. This step is discussed in Subsection 6.2.

3-3
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In Step 11, Q-scenarios are evaluated to identify specific ESF
items important to safety. This evaluation is presented in

Subsection 6.3.

The list of ESF items important to safety is constructed in
Step 12, which is discussed in Subsection 6.3. A list of ESF

items that are not important to safety is alsc included,

Step 13 (the last step) invelves iterition of the above steps for
future stages of the design. This step and other areas requiring

further analyses are described in Subsection 6.4,

This report (and the list of references in Section 7.0) comprises
the documentation that demonstrates that each of the above steps

has been completed.

Assumptions

The major assumptions used in this assessment to calculate the
doses closely follow those used in previous preclosure
radiological safety analyses in Ma (1988) and Appendix F of
MacDougall (1987). These major assumptions are listed below;

additional assumptions are given in the text.

o The ESF Title I design (DOE, 1988) is used as the reference
ESF configuration.

0 The SCP-CDR (MacDougall, 1987), which includaes the converted
ESF, is used as the reference repository configuration for

preclosure operations,

o A waste container holds consoclidated fuel rods from six PWR
fuel assemblies, each with a burnup of 33 GWD/MTU and a
cooling period of 10 yr.



The same fraction of potentially airborne particles is
generated for all scenarios involving severe impact on the
fuel (such as container drop, runaway transporter, etc.).
This fraction (from Appendix F of MacDougall, 1987) is alsc
equivalent to the fraction resulting from a container drop

from a height of 35 ft.

Depletion of airborne radionuclides in the underground
facility due to gravitational settling and other deposition

mechanisms is neglected.

The waste transporter cask is designed and constructed using
standard industry practices to have sufficient integrity to
withstand the effects of drift collapses without releasing
radiocactivity. This assumption is deemed reasonable because
the waste transporter houses the waste container in a thick,

strong, shielding cask (about 10 in. steel wall).



EVALUATION OF POTENTIAL ACCIDENT SCENARICS

In this section, potential accident scenarios in the converted ESF
are developed. To facilitate the assessment, the converted ESF is
divided into various compartments (see Step 2 of Table 3-1),
Compartment locations are assigned to each ESF item identified as
a result of following DOE Procedure AP-6.9Q (see Step 3 of Table
3-1). External and internal initiating events are identified and
screened for each compartment (see Step 4 of Table 3-1)., Various
intermediate events that may occur following each initiating event
are then developed and summarized by event trees (see Step 5 of
Table 3-1). The assessment closely follows the preclosure
:adiological safety analyses of the Yucca Mountain repository

(Ma, 1988; MacDougall, 1987). Additional details can be found in

those reports.,

Compartments of the Converted ESF

To facilitate the assessment, the converted ESF (described in
Subsection 2.2) is divided into six compartments (Step 2 of

Table 3-1). Each compartment is characterized by the permanently
fixed items in it and the operatlions and functions associated with
it during preclosure operations. These compartments are as

follows:

1. Main test level

2. Exploratory shafts

3. Drift to the imhricate normal fault zone
4, Drift to the Ghost Dance fault

5. Drift to the Drill Hole Wash structure
6. Upper demonstration breakout room

Another optional compartment is the Calico Hills drill room;
however, this is not currently included in the reference ESF

configuration and is not considered further in this report.
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The compartments are shown in Figure 4-1 and are described in
Table 4-1, The table lists the radioactive waste forms that are
handled or stored in each compartment and the major operations and
functions of each compartment during preclosure operations.
Permanent .tems of the ESF that will remain during preclosure
operations are also listed for each compartment (see

Subsection 2.2).

A listing of ESF items from DOE procedure AP-6.9Q (DOE, 1989) and

their respective compartment locations is given in Table 4-2.

Identification‘and Screening of Initiating Events

In this subsection, both external and internal initiating events
are evaluated (see Step 4 of Table 3-1), External events are
those caused by natural phenomena or human activities external to
the repository. Internal events are those caused by failures
(e.g., equipment or structures) or operator activities at the

repositcry.

External Initiating Events

External initiating events that may cause significant radioclogical
releases from the underground facility to the environment are
ldentified and screened in this subsection. The methodology
follows that of other preliminary radiological safety analysis
(PRSA) reports {(MacDougall, 1987; Ma, 1988). A comprehensive
checklist for external initiating events, irncluding both natural
phenomena and human activities, was compiled based on surveys of
previous safety analyses for nuclear facilities (NRC, 1683). This
checklist, shown in Table 4-3, is reviewed to determine those
events applicable to the site-specific and design-specific
conditions. As a result, the number of external events requiring

further assessment is significantly reduced.

4-2



O Y
9 , @ #
s (&)

DEVELLOPMENT.

@ ;
g, G
" , ®
i | X EXPLORATORY DWIFT
i | f 70 WMBRICATE NOBMAL
; ’ FAULT ZONE
i WASTE RAMP . R Y 4
i \(’z
i ”"
i .
} s .
! . A
I
! Y |
“ | WASTE EMPLACEMENT | i ,
| SUPPORT SHOPS V.
J p - //‘
| DECONTAMINATION o
| STATION '
/';/’
EXPLORATORY DRIFT
10 DRILL HOLE WASH STRUCTURE /
TRAINING
AREA
O VEL OPMENT
SUPPORT SHOPS
20" DIAMETER MEN
8 MATERIALS SHAFT . ‘ DECICATED W
SHAF 1 BOTTOM ’ TESTING AREA
CLEANOUT RAMP [ |
|
[ WASTE M/
TUFE Mf
]
/" EXPLORATCRY DRIFT N\ SERVICE M
(/‘l TO GHOST DANCE FAULT
f / .
KE Y : [ ./, ~—— -
SOLID LINES 7= HESnemig DENOTE ESF DEVELOPMENT, ) l ﬁ 4"
v o o ot DE JTURE REPOSITORY '
BROKEN LINES .70 o0 o DENOTE FUTURE Rt C | 200 a 200 400 500 000 000
‘ oy b .



765.603

207 DIAN
EMPLACE
E XS

|
UPPERDEMONS TRATICN
BREAKOUT R

@O (AL Sar!

SE A
{I. S22
LR PR TSRS | '

EN

ES-|

nL _[L "
RRRIERNYINY

MAINTES |
LEVEL

Figure

Conmpartment.s

w

e n
FIULE RN
'
0,
Uiy,
Uy

5 BOVIOW Of quart
b 2916 b w4t

4.1

of the ESF



Compartment

1. Main test
level

2. Exploratory shafts

(ES-1 and ES-2)

3. Drift to imbricate
normal fault zone
(this drift is a
panel access drift
during preclosure
operations)

4, Drift to Ghost
Dance fault
(this drift is a
mid-panel drift
during preclosure
operation)

5. Drift to Drill
Hole Wash fault
(this drift is
part of the
tuff main
during preclosure
operations)

6. Upper demonstration
breakout room

Table

COMPARTMENTS

Waste Form
During
Preclosure

Operations

None

None

Spent fuel in
container in
transporter
cask

DHLW in
container in
transporter
cask

Spent fuel in
container in
transporter
cask

DHLW in
container in
transporter
cask

Waste
container
in borehole

Spent fuel in
container in
transporter
cask

DHLW in
container in
transporter
cask

None

4-4

4-1

OF THE ESF

Permanent
Items Remaining

Operations and
Functions During

During Preclosure Preclosure
Operations Operations
Excavations Provide intake
Ground support alrway for waste
Operational emplacement area

seals (if needed)

Excavations

Ground support
Shaft liners
Operational

seals (if needed)

Excavations

Ground support
Operational

seals (if needed)

Excavations

Ground support
Operational

seals (if needed)

Excavations

Ground support
Operational

seals (if needed)

Excavations

Ground support
Operational

seals (if needed)

Perform performance
confirmation testing

Ventilation intake
for waste
emplacement area

Provide access to
waste emplacement
drifts

Moving loaded
transporter and
empty transporter

Ventilation airway

Exhaust airway for
emplacement panel
Emplacement of waste

containers

Excavated tuff
removal

Alternative access
for equipment
and supplies

Ventilation exhaust
for development area

None



Table 4-2

ESF ITEMS AND THEIR COMPARTMENT LOCATIONS

Compartment
ESF Item Item Number _Number(s) (see Note b)
ESF Site 1.2.6.1 Note a
Main Pad 1.2.6.1.1 Note a
Auxiliary Pads 1.2.6.1.2 Note a
Access Roads 1.2.6.1.3 Note a
Site Drainage 1.2.6.1.4 Note a
Surface Utilitied 1.2.6.2 Note a
Power Systens 1.2.6.2.1 Note a
Water Systsma 1.2.6.2.2 Note a
Sewage Systems 1.2.6.2.3 Note a
Communicatiun Systems 1.2.6.2.4 Note a
Mine Wastewater Systems 1.2.6.2.5 Note a
Compressed Air Systems 1.2.6.2.6 Note a
Surface Facilities 1.2.6.3 Note a
Ventilation System 1.2.6.3.1 Note a
Test Support Facility 1.2,6.3.2 Note a
Sites for Temporary 1.2.6.3.3 Note a
Structures
Parking Areas 1.2.6.3.4 Note a
Material Storage Facilities 1.2.6.3.5 Note a
Shop ' 1.2.6.3.6 Note a
Warehouse 1.2.6.3.7 Note a
Temporary Structures 1.2.6.3.8 Note a
Communications/Data 1.2.6.3.9 Note a
Building
First Shaft 1.2.6.4 2
Collar 1.2.6.4.1 2
Lining 1.2.6.4,2 2
Stations 1.2.6.4.3 Note a
Furnishings 1.2.6.4.4 Note a
Holst System 1,2.6.4.5 Note a
Sump 1.2.6.4.6 Note a
Second Shaft 1.2.6.5 2
Collar 1.2.6.5.1 2
Lining 1.2.6.5.2 2
Stations 1.2.6.5.3 Note a
Furnishings 1.2.6.5.4 Note a
Hoist System 1.2.6.5.5 Note &
Sump 1.2.6.5.6 Note a
Underground Excavations 1.2.6.6
Operations Support Areas 1.2.6.6.1 1
Test Areas 1.2.6.6.2 3,4,5,6
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Table 4-2 (Cont'd)

Compartment
ESF Item Item Number _Number(s) (see Note b)
Underground Support Systems 1.2,6.7 Note a
Power Distribution System 1.2.6.7.1 Note a
Communications System 1.2.6.7.2 Note a
Lighting System 1.2.6.7.3 Note a
Ventilation Distribution 1.2.6.7.4 Note a
System
Water Distribution System 1.2.6.7.5 Note a
Mine Wastewater Collection 1.2.6.7.6 Note a
Compressed Air Distribution 1.2.6.7.7 Note a
Fire Protectlion System 1.2.6.7.8 Note a
Muck Handling System 1.2.6.7.9 Note a
Sanitary Facilities 1.2.6.7.10 Note a
Monitoring and Warning 1.2.6.7.11 Note a
Systems
Underground Tests 1.2,6.8 Note a
Integrated Data Acquisition 1.2.6.8.1 Note a

System (IDS)

Notes: a. All ESF items will be removed prior to repository operations

except underground openings (shafts and excavations), shaft
liners, and ground support.

b. ESF compartments are as follows:

1. Main test level Drift to Drill Hole Wash

(€4]

2. Exploratory shafts fault
3. Drift to imbricate 6. Upper demonstration breakout
normal fault zone room

4. Drift to Ghost Dance
fault

¢, Identification and numbering of ESF items was accomplished by a
task group implementing AP-6.9Q (DOE, 1989).




Table 4-3

| GUECKLIST OF EXTERNAL INITIATING EVENTS

Seismic activity (faulting, shear zone)

Flooding (storm, river diversion)

Lightning

Volcanic activity

Weather fluctuations and extremes
(fog, frost, hail, drought, high
temperature, low temperature, rapid
thaws, ice cover, snow, etc.)

Chemical effects (release of chemicals
or toxic gas)

Sandstorm

Tornado

Extreme wind

Industrial activity induced accident

Military accident (weapons testing,
aircraft impacts, bombing range)
Crash of a commercial aircraft
(helicopter, passenger planes, etc.)

Undetected past intrusion (undiscovered
boreholes or mine shafts)
Inadvertent future intrusion

Fire (forest fire, brush fire)

Pipeline accident (gas, etc.)

Loss of offsite power

Perturbation of groundwater system
(establishment of population center,
reservoirs, irrigation, intentional
artificial recharge, etc.)

Avalanche

Static fracturing (surficial
fissuring, impact fracturing,
hydraulic fracturing)

Denudation and stream erosion

Magmatic activity (extrusive,
intrusive)

Sources: NRC (1983)
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Coastal erosion

High tide, high lake level,
or high river stage

Low lake or river water level

Hurricane

Meteorite impact

Seiche

Tsunami

Dam faillure

Waves

Undetected features and
processes (breccla pipes,
lava tubes, gas or brine
pockets, etc.)

Sedimentation

Subsidence

Landslide

Uplifting

Thermal loading (differential
elastic response, nonelastic
regsponse, fluid pressure
changes, fluid migration,
canister migration, etc.)

Geochemical alterations

Waste and rock interactions

Rock deformation

Glaclation

Dissolution

Epeirogenic displacement

(igneous emplacement, isostasy)

Orogenic diastrophism

(near-field faulting, far-field
faulting, diapirism, diagenesis)

Rockburst



External events were eliminated if they met one or more of the

following screening criteria:

o The external event is either not applicable to the Yucca Mountain

underground facilities or not credible.

o The external event is irrelevant to preclosure operations or

insignificant during this period.

o The external event will not cause any significant radiological

releases teo the environment.

o The impact of the external event is well within the plant design

basis and does not need to be considered for this study.

The screening of the external events given in Table 4-3 was
performed on a compartment-by-compartment basis. The results are
shown in Table 4-4. Some discussions of the screening are given
below. Additional discussions can be found in previous PRSA reports
(Ma, 1988; MacDougall, 1987).

Flooding is not selected for detailed assessment because the tops of
the shafts are well above the probable maximum flood (PMF; level, as

shown in Figure 4-2 (DOE, 1988).

An undetected geologic fault is not selected for detailed
assessment, since it is not credible that a waste container would be
placed in a borehole with a major undetected fault. On the other
hand, in a borehole with minor undetected geologic features (such as
joints) is considered possible, and as a result, rocks may slide
into this borehole. Because the emplacement container is made of
3/8 in. thick steel, movable rocks that slide into the borehole may
damage the container, but will not cause it to breach. Therefore,

no significant radiological release will result.
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Table 4-4

RESULTS OF EXTERNAL INITIATING EVENT SCREENING

Events Selected for Consideration

Seismic activity

(1) Events Not Applicable to
Underground Facilities or not
Credible

Aircraft crash (commercial and
military)

Floceng

Pipeline accident

Avalanche

Coastal erosion

High tide, high lake or river level

Low lake or river level

Hurricane

Meteorite impact

Seiche

Tsunami

Dam failure

Waves

Sedimentation

Dissolution

Static fracturing

Stream erosion

Undetected geologic fault

Undetected features and processes
(breccia pipes, lava tubes, gas or

brine pockets)

Chemical effects

Industrial activity accident

Volcanic activity

that slide into boreholes.

(b)
containers.

(2) Events [rrelevant to or
Insignificant During Preclosure
Operations

Inadvertent future intrusion
Orogenic diastrophism
Glaciation

Subsidence

Uplifting

Magmatic activity
Epeirogenic displacement

Events with Insignificant
Radiol c Consequences

Loss of offsite power

Undetected geologic features
(joints)(®

Weather fluctuations and extremes

Extreme wind

Tornado

Sandstorm

Lightning

Undetected past intrusion

Forest fire or range fire

Landslide

Rockburst

Groundwater perturbation

Events with Impact Considered
Within the Repository Design Basis

Thermal loading(’

Waste and rock interactions
Rock deformation
Geochemical alteration

Undetected features (joints) include the formation of movable blocks

The heat generated by the waste forms will not rupture or crack the

4-
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For nuclear power plants licensed by NRC, chemical effects do not
require evaluation if there are no major storage areas or
shipments of hazardous chemicals within 5 mi of the facility
(NRC, 1974a). Because the Yucca Mountain repository satisfies
this criterion, chemical effects are not selected for further

assessment.

Brush or range fires are consldered possible., Smoke resulting
from these fires may enter the intake airway of the converted
exploratory shafts; as a result, the underground ventilation
system may be shut down. However, since this event will not lead
to any radiological release underground, brush or range fires are

not selected for further assessment.

Localized landslide near the tops of the exploratory shafts is
considered possible. The debris may plug the shaft and reduce
ventilation flow, but no underground release will result. This
event is similar to the collapse of shaft concrete liners, which
will be analyzed in detail as an internal initiating event., Thus,

landslide i1s not selected for further assessment,

Aircraft crash accidents are not selected for detailed assessment
for the converted ESF. There are two major reasons for this:

(1) there is no commercial airport nearby and (2) a preliminary
study currently under way indicates that the probability of a
military aircraft crash onto the repository site is about
lo_lz/ftz—yr. Because the area of the two converted

exploratory shafts is about 103 ft2, the annual probability of

a military aircraft crash onto the exploratory shafts is about

1072 /yr, which is not credible.

The effects of underground weapons testing at the nearby Nevada
Test Site is not selected for detailed assessment, because
preliminary studies indicate that the peak horizontal ground
accelerations due to underground nuclear explosions are smaller

than the design basis seismic ground motion,
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Volcanic activity is not expected at the Yucca Mountain site
(DOE, 1986), and is not selected for further assessment, This

topic will be studied further during site characterization.

The results of the screening in Table 4-4 indicate that only the

seismic event is selected for detailed assessment,

Internal Initiating Events

Internal initiating events in the underground facilities that are
credible and have the potential of causing sigﬁificant
radiological releases to the environment have been identified and
screened in Ma (1988). Two methods were used to identify internal
initiating events: (1) survey forms, which document accidents
judged to be credible by experienced designers for each
compartment, and (2) interaction matrices, which identify possible
interactions between items in each compartment. This same
approach is adopted in this assessment to identify internal
initiating events, Based on previous analyses (Ma, 1988;
MacDougall, 1987), the initiating events selected for

consideration include the fellowing:

0 Structural collapses, such as a collapse of a drift roof
along a length that is comparable to the drift width (i.e.,
about 20 ft), or a shaft liner collapse

o Underground transporter accidents, such as transporter

collision, transporter slide, or runaway transporter

0 Accidents during emplacement or removal of containers, such
as a grapple or transporter hoist failure and container

failure

Among these initiating events, structural collapse of a drift or
shaft liner is the only failure mode of the converted ESF that
requires further assessment. The other two types of events

(transporter accidents and container handling accidents) may occur

4-12



in the converted ESF, but are not related to any permanent items
of the ESF, These other two types of events are addressed when

considering radiological releases from other underground areas.

Failures of operational seals (if any) could result in some water
leakage into the underground repository; however, because the
repository is above the water table, the amount of water leakage
will be reiatively small, Therefore, faillures of the seals will
not cause any radiological releases and will not affect any other

accidental releases from other areas of the underground repository.

In case of a radiological release underground, the release of
radioactive airborne particles to the atmosphere will be reduced
by the following two design features of the underground

ventilation system:

) Upon detection of high airborne radicactivity concentrations,
the exhaust air is routed through HEPA filters housed in the

surface building of the waste emplacement exhaust shaft.

o Any air leakage between ventilation systems is in the
direction of the waste emplacement area; thus, released
materials will move toward the emplacement ventilation
exhaust system, not the development ventilation exhaust

system.

In assessing the converted ESF failures, the major question is
whether the failure could result, either directly or indirectly,
in a radiological release with an offsite dose equal to or greater

than 0.5 rem.

The results of t¢lils assessment are described below and summarized

in Table 4-5.
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POTENTIAL FAILURES

Compartment

. Area

1. Main test level

2. Exploratory shafts

3, Drift to lmbricate
normal fault zone

4, Drift to Ghost
Dance fault

“. Drift to Drill Hole
Wash fault

6. Upper demonstration
breakout room

Table 4-5

OF THE CONVERTED ES¥ AND THEIR EFFECTS

Failure
_..Mode

Drift
collapse

Concrete
liner
collapse

Drift
collapse

Drift
collapse

Drift
collapse

Drifu
collapse

414

Will not cause any radiological
releases

May liberate excessive dust that
could plug the HEPA filters and/or
make radlioactivity monitors
inoperable in the event of
concurrent radiological releases

Will not cause any radiological
releases

May generate excessive dust
(although unlikely) that could
plug the HEPA filters and make
radicactivity monitors
inoperable in the event of
concurrent radiological releases

Will not cause any radiological
releases

May liberate excessive dust that
could plug the HEPA filters and/or
make radiocactivity monitors
inoperable in the event of
concurrent radiological releases

May cause radiological releases
Will not affect radiological
releases from other areas

Will not cause any radiological
releases

Will not affect radiological
releases from other areas

Will not cause any radiological
releases

Will not affect radiological
releases from other areas



4.3.1

4.3.1.1

Development of Event Trees

Intermediate Events

In this subsection, the intermediate events that follow the
initiating events identified above are described for each
compartment (see Step 5 of Table 3-1). The effects of these

intermediate events are also described,.

Main Test Level. Drift collapse is the only significant
structural failure for the main test level. The length of the
drift collapse is assumed to be the same as the drift width, which
is about 20 ft. Because the main test level does not contain any
radiocactive waste (see Table 4-1), no radiological release will

result.

A drift collapse may completely block the intake airway of the two
exploratory shafts. However, in this very unlikely event, the
waste ramp will still provide the ventilation intake for the waste
emplacement area, Additionally, the waste emplacement area will
continue to be maintained at a lower pressure with respect to the
mining development area. It should be noted that the ventilation
alr pressure in the waste emplacement area will he lower with the
two shafts closed than with them open. Consequently, air from the
waste emplacement area will continue to exhaust through the
emplacement exhaust shaft, and any alr leakage will continue to he

from the mining development area to the waste emplacement area.

If a radiological release occurs in other areas of the underground
facility, the exhaust air will be routed through HEPA filters, as
long as the airborne radiocactivity monitoring system and the
airflow control system perform properly. However, if a drift
collapse occurs at the same time, dust liberated from the drift
surfaces may be carried by the large airflow and (1) eventually

plug the HEPA filters or (2) plug filters in the airborne
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radioactivity monitors, rendering them inoperable. Plugging of
the HEPA filters can cause the ventilation system to fall in one

of two ways:

o The waste emplacement area may no longer be maintained at a
negative pressure, and some alr may leak through the waste

ramp and exploratory shafts without filtration.

0 Significant plugging could damage the HEPA filters {(although
unlikely), resulting in the unfiltered release of airborne

radioactive particles.

Plugging of the airborne radioactivity monitor filters may result
in failure to activate the standby HEPA filters in the emplacement
exhaust system, which may cause radioactive airborne particles to
bypass the HEPA filters and to bhe released to the atmosphere
without filtration.

In elther case - plugging the HEPA filters or bypassing the HEPA
filters - the ventilation system would not filter radiological

releases.

In the present study, the amount of dust generated by a drift
collapse is not determined, nor 1is the transport of airborne
particles through long underground tunnels analyzed. The plugging
or bypassing of the HEPA filters 1s, however, considered as a

possible scenario for the main test level,

The main test level may be used for performance confirmation
testing during the waste emplacement period. Therefore, some
combustible materials may be present, and fire can be regarded as
a potential accident. In the event of a fire, no radioactive
materials will be released since no radiocactive waste is contained
in this area. Detailed fire scenarios involving electrical fires,
mechanical equipment fires, and chemical explosion are nct
developed because of the current lack of design details. However,

it is assumed that only very small amounts of combustible
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materials will be in this area; thus, if a fire breaks out, it
will be very small and will not affect any radiological releases.
As design detalls hecome avallable, further analysis of fire

hazards will be required.

4.3.1.2 Exploratory Shafts. The most severe structural fallure of the

exploratory shafts (both ES-1 and ES-2) 1s the collapse of the
concrete liner with a vertical dimension of about 20 ft. The
collapse could be spontaneous or could be caused by an earthquake;
such a collapse, however, is considered to be very unlikely or not
credible (the embedded steel hanging rods also provide some
additional partial reinforcement). Because no radioactive waste
is handled iIn the exploratory shafts, a concrete liner collapse

will not lead to any radiolegical releases.

The previous discussion of the airflow path for the drift collapse
in the main test level also applies to this case. Even the
complete blockage of the two exploratory shafts (an unlikely
event) will not disrupt the ventilation system of the waste
emplacement area. The waste emplacement area will continue to be
maintained at a lower pressure than surrounding areas (e.g., the

development area).

If a shaft liner collapses, concrete pieces falling from a height
of about 1,000 ft will be fractured, but no substantial amount of
dust will be generated. Therefore, if a radiological release
occurs from another area at the same time, it is unlikely that the
dust will plug the HEPA filters or make airborne radioactivity
monitors inoperable, and cause the ventilation filtration system

to fail.

Because the repository and shafts are above the water table, and
any small amounts of water will seep through the construction
joints (and not accumulate behind the shaft liners), additional
water inflow into the shaft due to liner collapse 1s not a concern

in this assessment.
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4,3,1.3 Drift to Imbricate Normal Fault Zone. Drift collapse is the

only significant structural failure in this area. During
preclosure operations, this drift serves as an access to waste
emplacement drifts for the waste trangporter and also as a
ventilation airway. The transporter cask has not yet been
designed, but it is assumed that the cask thickness will be at
least 10 in. of steel for radiation shielding. With this thick
and strong shielding, the transporter cask will be able to
withstand a drift collapse without major distortion, In addition,
spent fuel and DHLW canisters are further protected by a 3/8 in.
steel contalner inside the cask, It is therefore concluded that
no radioactivity will be released as a result of drift collapse in

this compartment.

Although a drift collapse in this area may partially block the
ventilation airway, this partial blockage will have an
Insignificant effect on the air intake and air exhaust for the
waste emplacement area. However, if drift collapse and
radiological releases occur at the same time, the dust liberated
from the drift surfaces may plug the HEPA filters or make the
airborne radioactivity monitors inoperable. As a result, the

ventilation filtration system for the emplacement area could fail.

4,3.1.4 Drift to Ghost Dance Fault. Drift collapse is the only

significant structural failure in this area. During preclosure
operations, this drift will be a mid-panel drift, which serves as
an exhaust airway for emplacement drifts in the panel. Loaded and
empty waste transporters will cross the mid-panel drift., In
addition, waste containers may be emplaced in boreholes at the
intersections of the emplacement drifts and the mid-panel drift.
Because radioactive waste 1s handled in this area, a drift
collapse onto a loaded ftransporter during emplacement or removal
of containers may cause a container drop or transporter slide,

which may result in radiological releaces.
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A drift collapse in this area may partially block the ventilation
airway, but this partial blockage will have an insignificant
effect on the air intake and air exhaust for the waste emplacement

area.

The drift collapse may liberate dust from the drift surfaces. It
1s judged, however, that the drift is sufficiently far away from
the emplacement exhaust shaft so that the dust will settle to the
ground before reaching the exhaust system. As a result, the HEPA
filters and the airborne radioactivity monitors will not be
significantly affected. Thus, in the event of a concurrent
underground radiological release, the ventilation system will

continue to function properly.

4.3,1.5 Drift to Drill Hole Wash Fault. Drift collapse is the only
significant structural failure in this area, This drift is part
of the tuff main and tuff ramp during preclosure operations. Upon
completion of all mining and drilling operations, the associated
portion of the tuff main may be used as an alternative pathway for
loaded and empty waste transporters. Because of the strong
construction of the transporter cask, a drift collapse in this
area will not result in any radiological releases. In addition,
this drift is sufficiently far from the emplacement exhaust shaft
so that any dust liberated by the drift collapse will settle to
the ground before reaching the exhaust system. Thus, a drift
collapse in this area will not affect any other concurrent

radiological releases in the waste emplacement area.

4.3.1.6 Upper Demonstration Breakout Room. The upper demonstration
breakout room at elevation 3,530 ft is not involved in any
preclosure operations. Therefore, a drift collapse in this area
will not cause any radiological releases and will not affect any

other concurrent radiological releases.
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4.3.1.7 Conclusions. Based on the above discussions, the effects of
structural failures of the converted ESF can be summarized as

follows:

o A drift collapse on a loaded transporter during emplacement
or removal of waste containers in the drift to Ghost Dance

fault may result in radiological releases.

0 A drift collapse in the main test level and in the drift to
imbricate normal fault zone may liberate dust from the ground
surface and cause the filtration system to fail. If a
radiological release occurs at the same time in other areas
of the underground facility, the radioactive airborne
particles could be released to the atmosphere without
filtration,

o In the very unlikely event of a concrete liner collapse in
the exploratory shaft, no substantial amount of dust will be
generated., Thus, 1t is unlikely that the filtration system

would fall as a result of shaft liner collapse.

Structural fallures in other compartments are not analyzed

further, since they do not lead to any radiological consequences.

4.3.2 Event Trees

In this subsection, the accident scenarios associated with a drift
collapse or shaft lilner collapse are developed for Compartments 1,
2, 3, and 4 using event trees (gee Step 5 of Table 3-1). The
event trees Include fallures of converted ESF items in combination
with failures of other underground repository items. Results from
the detailed study of potential underground accidents for the

Yucca Mountain repository (Ma, 1988) are used.
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4.3.2.1 Event Tree for Compartment 4. An event tree developed in the

previous underground accident study for drift collapse is shown in
Figure 4-3, The drift collapse either can occur spontaneously
(internal event) or can be due to an earthquake (external event).
This event tree is also applicable to the drift collapse that may
occur in this compartment. A drift collapse onto a loaded
transporter during emplacement or removal of a container may cause
the container to drop and breach or may cause the transporter to
slide, resulting in a shear of the container and fuel rods. Both
events may lead to radiological releases. Other intermediate
events include fallure of the airborne radioactivity monitoring
system (including failure to activate the ventilation bypass HEPA
filter system) and fallure of the ventilation system (defined as
the fallure to exhaust through HEPA filters or the possible
reversal of airflow).

4,3.2.,2 Event Tree for Compartments 1, 2, and 3. Based on the

discussions given in Subsection 4.3.1, drift collapse in the main
test level (Compartment 1) and in the drift to imbricate normal
fault zone (Compartment 3), as well as an exploratory shaft
(Compartment 2) concrete liner collapse, will not result in any
radiological releases. However, these collapses may affect the
offsite dose of a concurrent radiological release from other areas

of the underground facilities,

Radiological releases in the underground facilities can be
initiated either by internal events or by an earthquake. Accident
scenarios that result from these two types of initiating events
are described by event trees that are discussed in more detail in
Ma (1988). These event trees include intermediate events such as
radiation alarm failure or ventilation system fallure. These
fallures can either occur spontaneously or can be induced by
earthquakes.
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Drift Rocks Container Radiation Ventilation

Collapse Fall on Breach (1) Alarm (1) System (1)
Transporter (1) Failure Failure
YES
4
\J
ND

Note: (1) This item is not part of the ESF but is a repository itern.

Figure 4-3

Event Tree for Compartment 4
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As discussed previously, dust from the collapse of drifts near the
exhaust shaft or the exploratory shaft concrete liners may plug
the HEPA filters or the filters in the airborne radiocactivity
monitors., The collapse and the plugging of filters may be treated
as one specific failure path leading to the failure of the
ventilation system, as in a fault tree analysis, or they may be
explicitly incorporated in the event tree, as is done in this
report. Figure 4-4 illustrates the accident scenarios either due
to an internal event or due to an earthquake that result in

radiological releases.

It should be noted that the plugging of either the HEPA fllters or
the airborne radiocactivity monitor filters will result in the
leakage or release of radioactive materjials to the atmosphere
without filtration. Thus, for the purpose of this study, both

events are treated together in the event tree.
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Radiological Radiation Ventilation Exploratory Drift (1) HEPA

Releases Alarm (2) System (2) Shaft Collapse Filters (2)
Failure Failure Concrete Plugged or
Liner Detectors
Collapse Plugged
by Dust
YES
A
Y —
NO

Note: (1) This drift collapse applies only to the main test level and to
the exploratory drift to imbricate normal fault zone.
(2) This item is not part of the ESF but is a repository item.

Figure 4-4

Event Tree for Compartments 1, 2, and 3
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5.0

5.1

EVENT TREE ANALYSES

This section evaluates the maximum individual offsite dose
resulting from each accident scenario developed in Section 4.0
(Step 6 of Table 3-1). Each accident scenario is then classified
as either credible or not credible (Step 7 of Table 3-1). The
method used to evaluate the radiation doses and probabilities of
the underground accident scenarios follows the approach described
in Appendix F of MacDougall (1987) and in Ma (1988).

Radiation Dose Evaluation

Spent fuel accidents can result in releases of three types of
radioactive material that are potentially significant to offsite
radiation doses: (1) Kr-85 releases, (2) gap radiocactivity
releases that include Cs, and (3) releases of respirable-size
airborne particles (less than 10-micron diameter) of fractured
spent fuel. The radionuclide inventories, release and transport
mechanisms, and offsite dose evaluations are summarized in this
subsection, Additional details of the calculational methods,
assumptions, and derivations can be found in Appendix F of

MacDougall (1987) and in Ma (1988).

Radionuclide Inventory

Most waste to be emplaced in the repository will be spent fuel
from commercial light-water reactors. The spent fuel will be
emplaced either as intact fuel assemblies or as consolidated fuel

rods.

Defense high level waste (DHLW) resulting from the defense
activities of the U.S. government will also be disposed of in the
repository. Each DHLW canister will accommodate about 0.5 MTU
(equivalent) of vitrified waste. There will also be some

vitrified HLW from the West Valley reprocessing plant,



5.1.2

In this study, only PWR spent fuel is considered for radliological

releases, as 1t is assumed to be a bounding case.

According to AP-6.10Q (Appendix A), the radionuclide inventories
of the reference PWR spent fuel used in this study are based on
the data presented in ORNL/TM-9591 (Roddy, 1986). These data
assume a 33,000 MWd/MTU (megawatt-days per MIU) burnup, an initial
loading of 0.46 MIU/assembly, and a 10 yr cooling period. Major
radionuclide inventories of the PWR spent fuel used in this study

are shown in Table 5-1.

Release Mechanisms

The only radicactive gas of coucern in 10-yr-old spent fuel is
Kr-85, which has a 10.7 yr half life. Because of radioactive
decay, quantities of other radioactive gases in the fuel rods are
no longer significant. It is assumed that 30 percent of the Kr-85
inventory in a damaged fuel rod will be released if the cladding
is ruptured (NRC, 1972).

The two release mechanisms for Cs considered in this analysis are
those described by Lorenz (1980a, b). On the basis of Lorenz's
empirical model, a breach of spent fuel cladding in a severe
thermal environment (about 900°C) will result in a release of
0.028 percent of the total Cs inventory in the fuel rod (burst
release). In addition, if the breached fuel is continuously
subjected to high temperature, such as in a fire, diffusion of Cs
from the main fuel matrix will result in an additional significant
release (diffusion release). Lorenz's empirical model indicates
that in a period of 1 hr an additional 0.041 percent of the total
Cs inventory will be released as a result of this diffusion

mechanism at a high temperature of about 1,200°C.
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Table 5-1

MAJOR RADIONUCLIDES THAT CONTRIBUTE TO
OFFSITE DOSES(a)

Spent Fuel (Ci/Assemblv)(b)

Radioisotope Inventory (Ci/PWR Assembly)(P)
H-3 2.141 x 10
C-14 7.152 x 107%
C0-60 9.782 x 10°
Ni-63 3.008 x 10°
Kr-85 2.238 x 10°
Sr-90 2.639 x 10°
¥-90 2.639 x 10°
I1-129 1.453 x 107%
Cs-134 2.409 x 10°
Cs-137 3.788 x 10%
Ce-144 6.875 x 10°
Pi-147 4.374 x 10°
Pu-238 1.075 x 10°
Pu-239 1.444 % 10°
Pu-240 2.432 x 10°
Pu-241 3.580 x 10
Am-241 7.798 x 10°
Cm-244 6.090 x 10°

Total 1.133 x 10°

(a) Represents isotopes that contribute 99 percent of
the bone dose

(b) Roddy (1986)
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Spent fuel accidents involving large mechanical impacts may cause
fuel pellet fracture. The resulting UO2 fuel particles may be
released and become a significant airbdrne source term. Studies
of the fracture mechanism by Jardine (1982) and Mecham (1981,
1983), as summarized in Appendix F of MacDougall (1987), found
that the fraction of simulated HLW glass specimen fractured into
respirable particles (i.e., particles with diameter less than 10

microns) is linearly proportional to the impact energy density:

PULF = 2 x 1074 % E/V
where PULF fraction of unirradiated UOy specimen fractured
into particulate sizes less than 10 microns
(dimensionless)

I

E = 1impact energy absorbed by the UOp specimen (J)

<
]

volume of U0, specimen (cm3)

This linear relation is assumed to be valid for spent fuel rods
contalning many irradiated fuel pellets.

In this study, a mechanical impact of 1 J/cm3, which is
approximately the same as a 35 ft drop or a collision speed of

32 mi/hr, is applied to all accidents for the purposes of
evaluating fuel pellet fracture. Therefore, the fraction of spent
fuel pellets fractured into respirable particles as a result of an

accidental impact is estimated to be 2 x 1074,

In some cases, only a fraction of the mechanical impact energy
will be absorbed by the fuel pellets. The rest is absorbed by the
surrounding materials, such as the cask and transporter. An
energy partition factor (EPF) was therefore introduced in the PRSA
study (Appendix F of MacDougall, 1987) to represent the fraction
of impact energy absorbed by the fuel pellet(s) under various
conditions. In cases where an accidental impact involves a
runaway transporter, an EPF of 0.2 is assumed. In other cases of
this assessment, an EPF of 1.0 is used (i.e., all impact energy is

absorbed by the fuel),
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1.3

Although airborne fuel particles may be generated by an impact,
some fraction will be retained by the combination of fuel rod
cladding, emplacement container, and transporter cask barriers.
Both Appendix F of MacDougall (1987) and this study assume that
10 percent of the airborne fuel particles will escape from a fuel
rod with breached cladding (escape factor = 0.1). The escape
factors for a breached emplacement container and a transporter

cask are also assumed to be 0.1 each.

Transport Mechanisms

The mechanisms for radionuclide transport through the atmospheric
pathway are described in this subsection. Depletion of
radionuclides inside the underground facilities due to various
mechanisms (suéh as deposition along tunnels and shafts) is
neglected in this study. As a result, estimates of radionuclide
releases are extremely conservative. A detailed description of
transport mechanisms can be found in Appendix F of MacDougall
(1987).

When monitors detect radicactivity in the ventilation air, standby
HEPA filtration systems at the top of the emplacement area exhaust
shaft are automatically activated. The mining and development

area is not equipped with any filtration system.

The emplacement area filtration system congsists of two stages of
HEPA filters in series. The filtration efficiency of one HEPA
filter for airborne particles is conservatively taken as

99 percent; the combined filtration efficiency for two HEPA
filters in series is taken to be 99.99 percent (Appendix F of
MacDougall, 1987). This filtration factor (1 x 10“4) is applied
to all particles (including Cs) released from the emplacement area
when HEPA filtration systems are in operation. For Kr-85
releases, a filtration factor of 1 is used because Kr-85 is a

noble gas, which is not removed by HEPA filters.

5-5



‘mlﬁ“

.1,

Radionuclides that are released into the atmosphere will be
diluted by atmospheric dispersion as they are transported to the
site boundary. An atmospheric dispersion factor is used to
estimate concentrations of alrborne radicactivity downwind from
the release point. Appendix F of MacDougall (1987) calculated an
atmospheric dispersion factor (X/Q) of 6.4 x 10—5 sec/m3 for

a ground-level release, a 5 km site boundary distance (assumed to
be the same as the distance to the nearest unrestricted area
boundary), a Pasquill F stability condition, and a wind speed of 1
m/sec, which is based on NRC Regulatory Guide 1.25 (NRC, 1972).

This study uses the same atmospheric dispersion factor.

The deposition of radioactive particles during transport to the
site boundary causes a reduction in the concentration of airborne
particles that reach the site boundary. Appendix F of MacDougall
(1987) presented a model which determined that 5 percent of the
airborne fuel particles will reach the repository site boundary.
This value of 5 percent 1s also used in this study. It should be
noted that no credit is taken for dry deposition in the event that
the filtration system is in operation, This 1s because most of
the airborne particles with diameter larger than 1 micron will be
removed by the HEPA filters. As a result, the airborne particles
released into the atmosphere through the filtration system (mostly
particles less than 1 micron in diameter) will have a much smaller
deposition factor for a 5 km site boundary distance., NRC
Regulatory Guides (1972, 1974b, 1974c, 1977b, 1979a and 1979b)
state that, for accident releases, no correction should be made
for depletion of radiocactive iodine from effluent plumes due to
deposition on the ground. The present study considers only the

dry deposition for the heavy density U0, fuel particles with

2
sizes larger than 1 micron. Dry deposition of uo, fuel

particles is an important subject for future study.
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The method of estimating the dose to an offsite individual is
described in Appendix F of MacDougall (1987), and the same

approach is used in this study.
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If airborne radiocactivity is accidentally released from the
repository, an individual could be exposed to radioactivity
primarily in two ways: Internal exposure from the inhalation of
the radiocactive material in the plume as it passes the individual;
and external exposure from immersion in the plume. Calculations
indicate that the immersion doses are insignificant compared to
the inhalation doses. Therefore, maximum doses are calculated for
the exposed offsite individual due to the inhalation pathway
(e.g., assuming the individual is at the nearest site boundary and

that this location is directly downwind of the release).

The inhalation dose from a given intake of radioactive material is
dependent on the age of the exposed individual. For this initial
study, only adult dose conversion factors (DCFs) are used.
Although the DCFs for other age groups may be larger, the adult
breathing rate is the highest, and adults would receive the
maximum doses for those radlonuclides that are expected to be
released in repository accidents. 1In addition, all DCFs used in
this report reflect 50 yr dose commitments because some inhaled
radiocactive material may remain in the body for considerable
periods following intake. The inhalation DCFs are obtained
primarily from Regulatory Gulde 1.109 (NRC, 1977a). DCFs not
available in Regulatory Guide 1.109 are obtained first from
Dunning (1981), then from Holmes (1977), and finally from Killough
(1976).

The equation used to calculate the inhalation doses during

accidents follows those in NRC Regulatory Guide 1.109 (NRC, 1977a).

= BR % * P % * o
D, = BR X/Q * DEP ZXi Dcrij

i

Dj = dose to organ j for an individual due to inhalation (rem)
BR = breathing rate for individuals (ms/sec)
X/Q = atmospheric dispersion factor (sec/mB)
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Xi = Curies of isotope 1 released to the atmosphere as a

result of the accident (Ci)

DCFij = 1inhalation dose conversion factor for radionuclide 1,

organ j (rem/Ci inhaled)
DEP = dry deposition factor (dimensionless)

Also, with regard to the offsite dose evaluation, the following

assumptions are used:

o A breathing rate of 3.47 x 10_4 m>/sec is used in the
calculations (NRC, 1972). Based on current NRC guidance,
this approach is aﬁpropriate when the duration of the release
is less than 8 hr.

o} The dry deposition factor applies only to airborne fuel
particles and to accident scenarios where the filtration
system fails, For airborne fuel particles, DEP = 0.05, for
Kr-85 and Cs-137, DEP = 1.

o The exposure of an offsite individual lasts for the duration

of the accidental release, which is assumed to be less than

8 hr.
The radioactivity released to the atmosphere, Xi' can be
expressed as follows:
Rgp * N * App for krypton
X{ = Rpgg * N * FIL * Agpg for cesium
PULF * EPF % ESP % N * FIL * Ay for particles
of fractured
fuel
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1.5

where

Kr

Cs

ESP

FIL

EPF

PULF

il

inventory of radionuclide i in a PWR fuel assembly (Ci)

number of fuel assemblies breached during the accident for

a waste container = 6
fraction of krypton released = 0.3

fraction of cesium released = 2.8 X 1074 (for gap burst
releases) plus 4.1 x 10*4 (for gap diffusion releases

during accidents with fire)

escape factor (ESP) for particles =

E ESP * ESP Kk (each factor is agsumed

SP *
clad cont cas
to be 0,1, as appropriate)

filtration factor for HEPA filters = 1074 (as

appropriate)

energy partition factor = 0.2 for runaway transporter and

1.0 for other impacts.

fraction of spent fuel fractured into respirable particles
=2 x 10"

Radiation doses due to Kr, Cs, and fractured fuel particles are

calculated to determine maximum organ doses for various accidents

based on the above formulas. The critical organ doses are lung

doses due to Kr-85 and bone doses due to both Cs and airborne fuel

particles.

Accident Doses at the Unrestricted Area Boundary

The above dose model was used to calculate the offsite doses for

various underground accident scenarios (Ma, 1988). The results

are described below.
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5.1.5.1 Collapse of the Exploratory Drift to the Ghost Dance Fault., The

individual doses at the site boundary due to radiological releases
following a drift collapse in the exploratory drift to the Ghost
Dance fault are given in Figures 5-1 and 5-2. Figure 5-1
illustrates a spontaneous drift collapse (internal initiating
event), while Figure 5-2 represents a drift collapse due to an
earthquake (external initiating event). The offsite dbses are the
same in both cases; however, the annual probabilities are different

(see Subsection 5,2).

The results indicate that the dose for scenarios with the
ventilation system operating is 0.22 mrem, whereas the dose for
scenarios with the ventilation system not operating is 200 mrem.
The above values represent doses to the bone, which is the critical

organ for accidental releases of Cs and airborne fuel particles.

5.1.5.2 Collapse of the Exploratory Shaft Liner or Drift in Compartments

1, 2, and 3. A collapse of a drift in the main test level, the
drift to the imbricate normal fault zone, or the exploratory shaft
concrete liner will not result in any radiological releases.
However, as discussed in Subsection 4.3, these collapses may
generate excessive dust from the underground surfaces and hence may
affect the offsite dose due to a concurrent radiological release

from other underground areas (Figure 4-4),

Offsite doses due to underground releases for 16 internal initiating
events and offsite doses due to 7 types of earthquake-induced
releases were evaluated in the underground accident study (Ma,
1988). The largest doses with or without the failure of the
ventilation were calculated to be 220 mrem and 0.22 mrem,
respectively. These doses at the site boundary are applied to the
accident scenarios given in Figures 5-3 and 5-4. Figure 5-3
describes the accident scenarios initiated by internal events, while
Figure 5-4 describes the accident scenarios initiated by an

earthquake.
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Drift Rocks Container Radiation Ventilation Probability

Collapse Fall on Breach (3) Alarm (3) System (3) (1/yr)
Transporter (3) Failure Failure
-2
°x10 5x10 "2 (NC)
1x10 _

1x10°° 13

1x10° 7 (NC)
1

-5
1x10

1x1d1°(No)

YES

l 1x10°% 7y ¢ i

l —_— ] 1x10°° (NC)
ND

1 -3
1x10 (C)

Notes :

(1) All intermediate event probabilities are rounded to one significant figuie; therefore, they may not sum to unity.
(2) NC = Not Credible, C = Credible

(8) This item is not parl of the ESF but is a repository item.

Figure 5-1

Event Tree for a Spontaneous Collapse of the Exploratory
Drift to the Ghost Dance Fault

Dose
{mrem)
2
2.0x10

2
2.0x10

-1
2.2x10
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Earthquake Dritt Rocks Container Radiation Ventilation
Ccllapse Fall on Breach (3) Alarm (3) System (3)
Transporter (3) Failure Failure
1x10"
-2
1x10 -1
1x10
-1
9x10
.5 1
1x10 9x10
-2
1x10 1

7

-4
5x10 /Yr

Notes :

Probability
(1/yr)
5x10  (NC)

sx10 " (NC)
1
ax10 "2 (NC)

5x10  (NC)

5x10  (C)

5x10° % ()

{mrem)

2
2.0x10

2
2.0x10

-1
2.2x10

(1) All intermediate event probabilities are rounded to one significant figure; therefore, they may not sum to unity,

(2) NC = Not Credible, C = Credible
(3) This item is not par of the ESF but is a repository itern.

Figure 5-2

Event Tree for an Earthquake-Induced Collapse of
*he Exploratory Drift to the Ghost Dance Fault
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Radiological Radiation Ventilation Exploratory Drift (2) HEPA Probability
Releases Alarm (4) System (4) Shaft Collapse Filters (4) (t/yr)
Failure Failure Concrete Plugged or
Liner Detectors
Collapse Plugged
by Dust
5x10 -
X -3
YES 110 (C)
2x10 /Yr
— -3
1x10 -5
2x 10 (C)
10°2 s
1 . 10~9 2x10  (NC)
N X
[ i -1
e 2 x 10 (NC)
1 -8
. S 2x 10 (NC)
1 x 10
10 -2 10
1 e 2 x 10 (NC)
-2
Notes: {1} Al inteimediate event probabilities are rounded to one ! 2x10  (C)
significant fiqure, therefore, they may not sum to unity.
(2) Trus dnft collapse applies only ta the mamn lest level and to
tne exploratory dnift to imbricate normal fault zone.
{3) NC = Not Credible, C = Credible
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Figure 5-3
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Event Tree for Radiological Releases Due to
16 Internal Events
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Figure 5-4
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Probability Evaluation

As mentioned in Table 3-1, Step 7, acclident scenarios are to be
classified as credible or not credible. Only credible scenarios
that exceed the dose criterion require further assessment for
identifying items important to safety. Procedure AP-6.10Q (see
Appendix A) states that it is sufficient to denote an event as
either credible or not credible, and it is not required (only
optional) to determine numerical probabilities for events and
scenarios in the event trees. AP-6.10Q also states that a
numerical probability of occurrence greater than 1 x lOwe/yr is
to be regarded as '"credible.'" Numerical probabilities of various
underground accident scenarios were estimated in the underground
accident report (Ma, 1988), These estimates were based on
accepted predictive techniques, documented judgments of engineers
and technical specialists experienced in nuclear facility designs
and their potential failure modes, and previously published data
of equipment failure., This approach is also adopted in this
study. The results are discussed below, and additional details
can be found in Ma (1988).

Collapse of the Exploratory Drift to the Ghost Dance Fault

The annual probabilities of accident scenarios initiated by a
spontaneous collapse of the exploratory drift to the Ghost Dance
fault are depicted in Figure 5-1. It is judged that there may be
one to three spontaneous drift collapses throughout the repository
during the repository's operating life, which is about 30 yr.
Since the total length of drifts in the repository is about

100 mi, the probability of a spontaneous drift collapse is about
10_3/yr—mile. Because the length of the exploratory drift to
the Ghost Dance fault is about 1,200 ft, the probability of a

drift collapse in this compartment is approximately 10"3/yr.

The probability, P, of rocks falling on a transporter (given a

drift collapse) is considered to be
P=R*PF

5-15



where R is the ratio of the length of the transporter cask
(assumed to be 20 ft) to that of the drift (i.e., 1,200 ft), and F
is the fraction of time that a transporter is in the drift. The
emplacement drifts are 126 ft apart from each other, meaning that
there are about 10 intersections (or 10 boreholes) in the
exploratory drift to the Ghost Dance fault (see Figure 2-6).
Therefore, during a particular year of repository operations,
there will be no more than about 10 emplacement operations in this
exploratory drift, each of which takes about 100 min (MacDougall,
1987). On the basis of the above information, it is
conservatively estimated that, for this compartment, the
probability of rocks falling on a transporter during an
emplacement operation, given a drift collapse, is about

(20 ft/1,200 ft) (1,000 min/yr) or about 107>,

The probabilities of other intermediate events are discussed in

more detail in Ma (1988),

Figure 5-1 indicates that the annual probabilities of accident
scenarios that result in radiological releases in the exploratory
drift to the Ghost Dance fault are extremely small, ranging from
5 x 10_12/yr to 1 x 10-10/yr. It is therefore concluded that

these accident scenarios are not credible.

Figure 5-2 gives the annual probabilities of accident scenarios
initiated by an earthquake-induced collapse of the exploratory
drift to the Ghost Dance fault, The magnitude of the earthquake
is assumed to range from 0.4 g to 0.8 g. Given that such a strong
earthquake occurs, the probability of a resulting drift collapse
in a 1-mi-long tunnel is judged to be lO_Z/event (Ma, 1988).

The probabilities of other intermediate events are discussed in

more detall in Ma (1988).

Figure 5-2 indicates that accidental radiological releases due to
seismically-induced drift collapses have extremely small annual
probabilities, ranging from 5 x 10514/yr to 4 x 10~l3/yr. It

is thus concluded that these accident scenarios are not credible,
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Exploratory Shaft Liner Collapse and Drift Collapse in Other Areas

In this subsection, an estimate is made of the probabilities of
accident scenarios that involve the simultaneous occurrence of
underground releases and various failures in the converted ESF.
These failures include collapses of the exploratory shaft concrete
liner, drifts in the main test level, and the exploratory drift to

the imbricate normal fault zone.

Figure 5-3 illustrates the accident scenarios initiated by
internal events. The annual probability of an underground release
initiated by any one of the 16 internal events identified in

Ma (1988) is 2 x loﬁz/yr, which is obtained by summing the

annual probabilities of the releases initiated by each of the 16
internal events. For example, the annual probability of an
underground release due to either a transporter collision in the
waste ramp or a grapple/hoist failure in the emplacement drift is
(1 x 1071 x 207%yr) + (5 x 1072 x 107%/yr). The

conditional probabilities of airborne radioactivity monitor
failure and ventilation system failure are 5 x 10‘2/event and 1

X 10—3/event, respectively, as glven in Ma (1988). The annual
probability of a converted exploratory shaft liner collapse is

judged to be not credible, or about 10_6/yr.

After an accidental release, the radioactive airborne particles in
the underground facility will be carried away by ventilation and
reduced to insignificant levels (by about a factor of 10,000)
within an estimated time of less than 8 hr. Thus, the total
duration of an underground radiological release is taken to be
about 8 hr. If a liner collapses within this 8 hr period, the two
events can be considered as concurrent events, The probability of
a liner collapse within a given 8 hr period is about (10'6/yr)

(8 hr)/(8,760 hr/yr), or 10”7 /event.
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The total length of the drifts in the main test level and the
exploratory drift to the imbricate normal fault zone is about

1 mi. Since it was estimated that the annual probability of a
spontaneous drift collapse is about 10_3/yr—mi, the probability
of a drift collapse in one of the above two areas is about
10"3/yr. The probability of a drift collapse within a given

8 hr period is therefore about 10-6/event. The probability that
HEPA filters will be plugged or that detectors will fail (as a
result of dust generated by the collapse of liners or drifts) is
assumed to be lOnz/event (unlikely) or l/event, respectively.

The results are given in Figure 5-3.

Figure 5-3 indicates that accident scenarios involving a
significant radiological release initiated by any internal event
and a concurrent collapse of shaft liner or drift are not
credible. The probabilities range from 2 x 10‘13/yr to

2 x 10 8/yr.

Figure 5-4 illustrates the accident scenarios initiated by an
earthquake. Seven types of earthquake-induced underground
releases were identified in Ma (1988). The magnitude of the
earthquake is assumed to range from 0.4 g to 0.8 g. The annual
probabilities of these seven releases were summed, yielding 5 x
10~7/yr as the annual probability of an underground release due
to an earthquake. The conditional probabilities of cirborne
radioactivity monitor failure and ventilation system failure were
both judged to be 0.1/event (Ma, 1988); these values are also
adopted in this study. The conditional probability of exploratory
shaft concrete liner collapse is considered to be very unlikely,
or 10“4/event. Given an earthquake occurs, the probability of a
drift collapse in the main test level or in the exploratory drift
to the imbricate normal fault zone is judged to be unlikely, or
107%/event (Ma, 1988). The probability that HEPA filters will

be plugged or that detectors will fail (as a result of dust
generated by the collapse of liners or drifts) is assumed to be
107%/event (unlikely) or 1/event, respectively. These
probabilities are applied to the accident scenarios described in

Figure 5-4.
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The event tree in Figure 5-4 indicates that the annual probability
that a release due to an earthquake and a concurrent collapse of a

shaft liner or drift is very low, ranging from 4 x 10 13/yr to
4 x lomg/yr. Thus, these concurrent events are judged to be not

credible.

Results

5.3
Figures 5-1 through 5-4 show that notential underground accidents

will result in doses at the site boundary no greater than 220
Because# the repository is presently in the conceptual

mrem.
design phase, not many data and design detalls are available,
the uncertainty in the results of this study and in Ma
However, these results are

Therefore,
Future studies are recommended as

(1988) has not been quantified.
considered to be conservative.
more data and design details become available to confirm or revise

these results.
The event trees in Figures 5-1 though 5-4 also indicate that the

annual probability of a drift collapse in the converted ESF
(either spontaneocusly or induced by an earthquake) resulting in a

significant radiological release is very low - less than
Similarly, the probability of a converted ESF

-11
10 /yr.
structural failure concurrent with a release from another
underground area (initiated either by internal events or an

earthquake) is also very low - less than 2 x lO—B/yr.
accidents involving a structural failure of the

Therefore,
converted ESF and an underground release (either directly or

indirectly) can be considered as not credible.



6.0

IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY
Based on the results of Section 5.0, items important to safety for
the converted ESF are identified in this section. Step 8 through

Step 13 listed in Table 3-1 are covered.

Identification of Q-Scenarios

Step 8 of Table 3-1 states that credible accident scenarios
exceeding the dose criterion of 0.5 rem should be classified as

Q-scenarios,

The results of the offsite dose calculation in Subsection 5.1
indicate that the maximum individual offsite dose from underground
accidents for any compartment is 0.22 rem, which 1s less than
0.5 rem (see Figures 5-1 through 5-4). In addition, accident
scerarios involving a failure of the converted ESF and a
radiological release are not credible. Therefore, based on the
dose criterion and the probability criterion, none of the

converted ESF accident scenarios are Q-scenarios.

Step 9 of Table 3-1 indicates that, in addition to the dose
criterion and the probability criterion, other criteria, such as
prnbability of occurrence, historical licensing experience, and
consensus judgment, will be used to identify Q-scenarios in order
to introduce a degree of conservatism into the assessments. No

G-scenario ig identified based on these other criteria.

It is therefore concluded that all accident scenarios involving
the failure of the converted ESF are classified as NQ-scenarios
(i.e., not Q-scenarios). No Q-scenario i1s identified in this

study.

Elimination of NQ-Scenarios

Step 10 of Table 3-1 indicates that all NQ-scenarios shall be

eliminated from further consideration in identifying items

6-1
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important to safety. Based on the above conclusions in
Subsection 6.1, all accident scenarios involving the failure of
the converted ESF (ag described in Figures 5-1 though 5-4) are

NQ-scenarios and therefore do not require further assessment,

Items Important to Safety

Step 11 of Table 3-1 states that the Q-scenarios identified from
Steps 8 and 9 shall be assessed further to identify which of the
possible items in the facility design are to be classifled as
important to safety. Since this study concludes that no accident
involving a failure of the converted ESF and a radiological
release is a Q-scenario, no item in the ESF is identified as
important to safety or needs to be placed on the Yucca Mountain

repository Q-1list.

Step 12 of Table 3-1 states that a summary list of all items
classified as important to safety shall be compiled and
documented., This study concludes that there are no items on the
list of ESF items classified as important to safety, as shown in
Table 6-1. Table 6-2 lists the ESF items that are not important
to safety (all ESF items are included on this table). It should
be noted that most of these ESF items are not important to safety
because they will be removed prior to repository operations (as
shown in Table 6-2),

Areas Requiring Further Evaluation

Step 13 of Table 3-1 indicates that the assessment of identifying
items important to safety shall be reviewed, revised, and updated
in each design stage. This study should be refined early in the
repository Advanced Conceptual Design phase as additional design
details become available, Potential accidents and failures such
as fires, fracture of fuel rods containing many irradiated fuel
pellets, dry deposition, and electrical and instrumentalion
failures should be assessed in more detail at that time. Also,
common-mode failures need to be further evaluated in future

studies.



Table 6-1

LIST OF ESF ITEMS CLASSIFIED AS IMPORTANT TO SAFETY

Compartment

Main test level

Exploratory shafts

Drift to imbricate
normal fault zone

Drift to Ghost Dance
fault

Drift to Drill Hole
Wash fault

Upper demonstration
breakdown room

—
T
&}
=

None

None

Nomne

None

None

None

Comments
No Q-scenarios
identified for
compartment

No Q-scenarios
identified for
compartment

No Q-scenarios
identified for
compartment

No Q-scenarios
identified for
compartment

No Q-scenarios
identified for
compartment

No Q-scenarios
identified for
compartment

are
this

are
this

are
this

are
this

are
this

are
this



Table 6-2

LIST OF ESF ITEMS NOT IMPORTANT TO SAFETY

Compartment
ESF Item Item Number _Number(s) (see Note b)
EST Site 1.2.6, Note a
Main Pad 1.2.6, Note a
Auxiliary Pads 1.2.6, Note a
Access Roads 1.2.6, Note a
Site Drainage 1.2.6 Note a
Surface Utilities 1.2.6. Note a
Power' Systems 1.2.6. Note a
Water Systems 1.2.6. Note a
Sewage Systems 1.2.6. Note a
Communication Systems 1.2.6. Note a
Mine Wastewater Systems 1.2.6, Note a
Compressed Air Systems 1.2.6. Note a
Surface Facilities 1.2.6, Note a
Ventilation System 1.2.6. Note a
Test Support Facility 1.2.6. Note a
Sites for Temporary 1.2.6. Note a
Structures
Parking Areas 1.2.6. Note a
Material Storage Facilities 1.2.6. Note a
Shop 1.2.6. Note a
Warehouse 1.2.6, Note a
Temporary Structures 1.2.6, Note a
Communications/Data 1.2.6, Note a
Building
First Shaft 1.2.6.4 2
Collar 1.2.6.4.1 2
Lining 1.2.6.4.2 2
Stations 1.2.6.4.3 Note a
Furnishings 1.2.6.4.4 Note a
Hoist System 1.2.6.4.5 Note a
Sump 1.2.6.4.6 Note a
Second Shaft 1.2.6.5 2
Collar 1.2.6.5.1 2
Lining 1.2.6.5.2 2
Stations 1.2.6.5.3 Note a
Furnishings 1.2.6.5.4 Note a
Hoist System 1.2.6.5.5 Note a
Sump 1.2.6.5.6 Note a
Underground Excavations 1.2.6.6
Operations Support Areas 1.2.6.6.1 1
Test Areas 1.2.6.6.2 3,4,5,6



Table 6-2 (Cont'd)

Compartment
ESF Item Item Number Number(s) (see Note b)
Underground Support Systems 1.2.6.7 Note a
Power Distribution System 1.2.6.7.1 Note a
Communications System 1,2.6.7.2 Note a
Lighting System 1.2.6.7.3 Note a
Ventilation Distribution 1,2.6.,7.4 Note a
System
Water Distribution System 1.2.6.7.5 Note a
Mine Wastewater Collection 1.2.6,7.6 Note a
Compressed Air Distribution 1.2.6,7.7 Note a
Fire Protection System 1.2.6.7.8 Note a
Muck Handling System 1.2.6.7.9 Note a
Sanitary Facilities 1.2.6.7.10 Note a
Monitoring and Warning 1.2.6.7.11 Note a
Systems
Underground Tests 1.2.6.8 Note a
Integrated Data Acquisition 1.2.6.8.1 Note a

System (IDS)

Notes:

a.

All ESF jtems will be removed prior to repository operations

except underground openings (shafts
liners, and ground support,

ESF compartments are as follows:

1.

3%

Main test level 5.

Exploratory shafts

Drift to imbricate
normal fault zone

Drift to Ghost Dance
fault

6-5

and excavations), shaft

Drift to Drill Hole Wash

fault

Upper demonstration breakout

room
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YUCCA MOUNTAIN PROJECT ;\J{;‘%%oom
ADMINISTRATIVE PROCEDURE

+3
I

AP-6.10Q IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY

1.0 PURPOSE AND SCOPE

1.2 The purpcse of this procedure is to identify the exploratory shafs
facility (ESF) and repository structures, systems, ind compcnents important
to safety (ITS) which are subject to 10 CFR 60, Subpart G Quality Assurance
requirements. This procedure specifies the responsibilities and the methcds
t> be used,

1.2 To determine items important to safety, assessments are applied to :th
appropriate and available repository design configuration including the
incorporation of all ESF items. The assessments evaluate potent.al precle=~

sure accident cenditions during the repository waste-receiving, handling
processing, emplacement, caretaking, performance conformation, and deccmmis-
siening operations. References are given that contain examples of the
application of such assessments to a repositery conceptual design
(SAND84-~2641-F) .

H{U V]

1.3 This procedure is iterated or repeated for each completed design phase
cof a repository or an ESF in order to review, identify, revise, and establish
the final list of items important to safety.

2.0 APPLICABILITY

This procedure applies to the Yucca Mountain Project Office, Pr:zject partici-
pants and their contractors and subcontractors engaged in either the ISF
desicn and construction, repository design and construction or the preclcsure
perfzrmance assessments of the potential repository accident conditions used
to establish the repositcry items impertant to safety.

3.0 DEFINITIONS
3.1 ACTIVITIES

3.1.1 Activities means deeds, actions, work, or performance of a specific
function or task. In the HLW geologic repository program, the 10 CFR Part 60
Subpart G QA program applies to activities affecting the quality of all
systems, structures, and components important to safety, and to the design
and characterization of barriers important to waste isolation. These
activities  include: site characterization, facility and equipment
construction, facility operation, performance confirmation, permanent
closure, and decontamination and dismantling of surface facilities as they
relate to items important to safety and barriers important to waste isolation
(10 CFR 60.151). In addition, the pertinent requirements of 10 CFR Part 50
Appendix B apply to all activities affecting the quality of structures,

Effectiva Date Rewvision Projecs q
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AP-6.10Q IDENTIFICATION OF ITEMS IMPORTANT 10 SAFETY

systems, and components important to safety and engineersd barriers important
to waste 1solation. These activities include: designing (including such
activities as safety analyses, labpratory testing of wastz package materials
to characterize their pericrmance, and performance assessments), purchasing,
fabricating, handling, shipping, storing, clean:ng, erecting, installing,
inspecting, testing, operating, maintaining, repai:--ng, and modifying. These
types of activities do not need to be identified as Dar’ of the Q-List cr
Quality Activities List. However, activitiles related to natural barriers
important to waste isolation should be identified and listed on a Quality
Activities List. These activities include: performance assSessments, site
characterization testing, and activities that may impact the waste isolation
capability of the natural barrier. For example, site characterizaticn
activities such as expleratory shaft construction, berehole drilling, ang
other activities that could physically or chemically alter properties of the
natural barriers in an adverse way. (NUREG-1318)

3.2 CONSEQUENCE ANALYSIS

Consequence analysis is a method by which the consequences of an event are
calculated and expressed in some guantitative way, e.g. mcney ss, deaths,
or quantities of radionuclides released to the acc e551ble environ nent

3.3 CRECIBLE EVENT OR CREDIBLE ACCIDENT

Credible event or credikle accident" means an event or acelident scenar:
which needs to be considered in the design of the geclogicz repcsitc
(NUREG~1318),

3.4 DESIGN BASIS ACCIDENT

L design basis accident (DBA) is a set of well-defined postulated accident
ﬂosen te establish or measure the adequacy of the safety design of cthe
facility.

3.5 DETERMINISTIC SAFETY ANALYSIS

"Deterministic safety analysis"™ is a form of safety analysis intencded
primarily to generate safety design parameters for a facility rather than o
measure 1its safety. Deterministic safety analyses are characterized by (1)
evaluation of accident processes and consequences but not of accident
likelihood, (2) the use of selected, representative accidents (generally
design basis accidents) rather than a ccmprehensive, complete set of
accidents to which the facility might be subject, and (3) the use of
pessimistic assumptions and conservatism intended to ensure the presence of
margins in the design (but at some cost to the realism of the analysis).
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Enhanced margins in the design provide safety margins to acccunt for
uncertainties in the assumptions and inputs to the analyses.

2. € EVENT TREL ANALYSIS

'An #vent tree analysis defines a comprehensive set of accident seguences that
encocmpasses the effects cof all realistic and physically possible potential

accidents. By definition, an initiating event is the beginning point in the
sequence. Hence, a.comprehensive list of accident-initiating events must be
compiled to ensure that the event trees properly depict all important
sequences.

3.7 EXTERNAL EVENTS

External events are those caused by natural phenomena or human act.vitie:
external to the repository.

3.8 FAULT TREZ ANALYSIS

A fault tree analysis examines the various ways in which a system designed to
perform a safety function can fail. Each system identified in the event tree
as involved in an accident 15 examined to determine how failures cf
components witnin that system could cause the failure cf the entire systam
(NUREG-1318).

3.9 IMPORTANT TO SAFETY

Impcrrant to safety, with reference to structures, systems, and compenents,
means these engineered structures, systems, and components essentilal to the
prevention or mitigation of an accident that could result in a radiation dese
to the whole body, or any organ, of 0.5 rem or greater at or bevond the
nearest boundary of the unrestricted area at any time until the completion cf
permanent clcsure (10 CFR 60.2)

3.10 INITIATING EVENT

An initiating event is the start'ng point of an accident sequence that is
generally depicted in an event tree analysis. Initiating events are also
used as the starting point in design basis accidents.

3,11 INTERNAL EVENTS

Internal events are those caused by failures or operator activities at the
repcsitory.
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3.12 INTEZRACTION MATRIX

Interacticn matrix is a systematic way to develop potential initiating events
for each of the system compartments in the repository.

3.13 ITEMS IMPORTANT TO SAFETY

Items important to safety are those engineered structures, systems, and
components essential to the prevention or mitigation of an accident that
could result in a radiation dose to the whole body, or any organ, of 0.5 rem
or greater at or beyond the nearest boundary of the unrestricted area at any
time until the completion of permanent closure. (NUREG-1318)

3.14 MITIGATIVE SYSTEM

A mitigative system is any system whose design and functicn actively or
passively reduces the severity or consequences of an event once the event has
occurred,

3.15 NON-MECHANISTIC FAILURES

Non-mechanistic failures are postulated failures which are not based on
previously observed modes or mechanisms but which are assumed to provide
conservatism in safety assessments.

3.16 PREVENTIVE SYSTEM

Preventive means to0 keep from happening or to avert some cccurrence from
taking crlace. Hence, a preventive system is one which anticipates scome
undesirable occurrence or process and counters it in advance of its actual
pccurrence,

3,17 PRCBABILISTIC RISK ASSESSMENT

Probabilistic risk assessment (PRA) (also called “probabilistic safety
analysis®) is a structured and methodological analytical approach to safety
anaiysis intended primarily to give a realistic picture of the safety profile
or risk of the facility.

3.18 Q-LIST

In the geclogic repository program, a list of structures, systems, and
components important to safety, and engineered barriers important to waste
isolaticn that must be covered under the QA requirements of 10 CFR 60,
Subpart G. (NUREG-1318)
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3.19 SAFETY ANALYSIS

A safety analysis is a process to systematically identify the hazards z?f a
DOE operation, to describe and analyze the adequacy of the measures taken =0
eliminate, control, or mitigate identified hazards, ana *o analyze and
evaluate potential accidents and their associated risks.

3.20 SCENARIO

A scenario 1is an account or sequence of a prcjected course of action cr
event,

3.21 UNDERGROUND FACILITY

Underground facility is the underground structure, including openings and
backfill materials, but excluding shafts, boreholes, and their seals.
(10 CFR 60.2)

3.22 UNRESTRICTED AREA

An unrestricted area is any area to which access is not contrelled by the
licensee for purposes of protection of individuals from expcsure to radiaticn
and radicactive materials, and any area used for residential quarters.

4.0 RESPONSIBILITIES
4.1 YUCCA MOUNTAIN PROJECT MANAGER (PM)

The PM assigns a Technical Project Officer (TPO) or a Project Designee to
ensure that the provisions of this procedure are implemented. The PM
authorizes modification or creation of the list of Items Important to Safety.
From time to time, the PM may direct that technical assessment reviews are
cenducted on the results of this procedure.

4.2 The PM shall assign the responsibility to the cognizant TPO or a Project
Designee to implement this procedure and assign personnel to identify items
important to safety in the ESF and the repository designms.

4.3 The Yucca Mountain Project Quality Manager and Systems Branch Chief (or
their designees) are responsible for review and approval of the lists of
items important to safety, items not important to safety, and any repo:sts
completed and approved by the TPC as a result of implementing this procedure.
The purpose of the review is to provide assurance that the candidate list is
consistent with Project Office and participant procedures. The approval does
not  indicate authentication of the technical data or interpretations

Effective Date Revision Supersedes Fage No.

0 5 19 AP-6.10Q
of

g Wt e ey I I “\l’\mm\‘n e e A M'H”" ] ]mmuww "F" e

Lo



' |iiii‘|\\

YUCCA MOUNTAIN PROJECT N-AD0013
ADMINISTRATIVE PROCEDURE 1188
CONTINUATION PAGE

AP-6.10Q IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY

contained in the document, nor does <the approval relieve the assignec
participant of the responsibility <for the defense of technical data or
interpretations ccntained therein,

4.3.1 The PM shall issue the results tc the Change Control Beard (CCB) fcr
construction and baseline control of the Prcject Q-List.

4.4 TECHNICAL PROUJECT OFFICER (TPO)

The “YPO shall assign an appropriately qualified participant staff member
(PSM) to perform the assessment and to develop the list of items important to

safety. The TPO shall ensure that gqualified individuals perform any
tachnical reviews of the completed assessments of the items important to
safety. After the PSM completes the assessments, the TPO shall, after

review, approve and transmit the lists of items important to safety, items
not important to safety, and other assessment documentation to the PM.

4.5 YUCCA MOUNTAIN PROJECT PARTICIPANT STAFF MEMBER(S) (PSM)

The PSM shall assemble a group of people from multiple engineering,
technical, and scientific disciplines, including personnel who were not a
part of the original desicn team to implement the AP 6.10Q assessments. The
group shall be referred to as the Assessment Team.

4,6 The Assessment Team shall carry out the procedure by evaluating the
responses, including the offsite doses consequences, of the facility desitn
for  credible accident conditions that might affect the facilitles
performance. The calculated performance predictions shall be compared with
the regulatory dose criteria to determine which items from AP-6.3Q should te
classified as items important to safety.

4.7 The Assessment Team shall produce a list of the items classified as
important to safety (i.e., a major input for the Q-list). The team shail
also produce a repcort that documents the assessments conducted to implement
the procedure. A list shall also be prepared of the items classified as not
important to safety.

4.8 After completion of the assessment, the PSM shall review and revige any
previous list of items important to safety developed in accordance with
AP-6.10Q and/or AP~5.4Q. If a previous assessment has assigned a different
Quality Level or classification of an item, the PSM shall notify the
cognizant TPO or Project Designee that a change request needs to be initiated
for the Q-List m:zintained by the CCB.
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4.9 The lists of items important to safety, items not Important to safety,
and the supporting report documentation shall be submitted by the PSM to the
cognizant TPD or the Project Designee for approval and transmittal to the PM,

4..0 CHANGE CONTROL BOARD (CCB)

The CCB shall receive the approved list of items important to safety from the
PM and combine this list with any list of items important to waste isclatian
from AP-6.8Q to compile the Yucca Mountain Q-l1ist. The CCB will, after their
aprroval, baseline the Q-list and maintain the official Project Q-list.

4,21 Exhibit 1 is a flow chart summarizing these respcnsibilities discussed
in 4.1 to 4.10.

5.0 PROCEDURE

§.1 This procedure generates a list of items important to safety. Exhibit 2
surmarizes the major steps invoived in the procedure.

§.2 As indicated in Step 1 of Exhibit 2, a documented repository and ESF
design configuration shall be selected by the assessment team f3r the
application c¢f this procedure. The assessment team shall document the desicn
documents used in their assessments.

n

.3 In Step 2, the documented design configuration shall be separated into
small =zones or areas called facility and system comcartments. The compa-
rements  shall be named uniquely and shall be selected to facil:itate a
systematic assessment process.

5.4 In Step 3, all of the items from AP~6.9Q shall be assigned a compartment
location and the results documented.

5.5 In step 4, site specific initiating events shall be identified and
screened for applicability to all compartments. Tnitiating events shall be
separated into internal and external initiating events. Lists of credible
and significant internal and external initiating events requiring further
assessment shall be developed on a compartment-by-compartment basis.

5.6 To establish the internal initiating events in 5.5, at least two methods
shall be wused to generate the list. The methods and the screening criteria
shall be documented. The screening process should not reject a credible
event that could lead to a significant radiolegical release yet should reduce
the number of events requiring detailed assessments in Step 5.
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5.7 Although not mandatory, survey forms and interaction matrices are two
methods that have been used in previous repository assessments to identif;
internal evants. The survey forms document accident scenarios for each
compartment that are judged by experienced designers to be credible.
Interaction matrizes identify items in each compartment and use the items as
row and column designators. Each row in the matrix is then analyzed column
by column to identify possible interactions between items and then potential
initiating events and credible accident scenarios are develcped and
documented.

5.8 To establish the external initiating events in 5.5, a checklist ¢f a
wide spectrum of external events shall be used in conjunction with
site-specific screening criteria. The checklist, the screening criteria, and
the 1list of credible initiating events requiring further assessment shall be
documented.

5.9 In step 5, event trees shall be developed for each internal and each
external event in the screened list to depict, logically and systematically,
the various accident scenarios. The intermediate events in the event trees
shall represent responses of various items in the facility design that occur
after the initiating event and hence continue the accident progression into
an accident scenario (NUREG/CR-2300).

5.10 In Step 5, fault trees shall not be developed until the advanced
conceptual repository design is completed due to the lack of sufficient
design details for their development until the advanced conceptual design is
completed. Fault trees shall be used to systematically examine the various
ways that a system, an item Or a major component can fail and result in an
initiating event or an intermediate event in an accident scenario.

5,11 In Step 6, offsite dose consequences shall be calculated for each
branch in the event tree. The dose consequences shall be calculated for a
50-yr dose commitment to a maximally exposed member of the offsite public at
the nearest boundary of the unrestricted area.

5.12 Assessments shall be conducted. to calculate source terms and the
associated offsite doses. To establish radiocactive source terms, the
quantities of radioactive materials present, the chemical and physical forms
of radioactive materials, the radionuclide content, and the accident
conditions shall be considered. Estimates of release fractions of radio-
nuclides for each specific accident scenario shall be made and documented
based on their physical and chemical properties and the accident conditions
at the time of the release.
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5.13 The dose assessments shall be calculated as the total of the external
exposure from the passing cloud and the internal exposure from inhalation of
radionuclides in the cloud. Dose calculations shall be performed using:

1. X/Q wvalues obtained from Regulatory Guide 1.25 and Regulatory Guide
1.3.

2. Immersion 50~yr dose conversion factors obtained from Regulatory
Guide 1.109 and NUREG/CR-1918.

3. Internal 50-yr dose equivalent conversion factors obtained from
Regulatory Guide 1.109; NUREG/CR-0150, Volume 3, and NUREG/CR-0172.

4, The radionuclide dinventory (Ci/MTU) of the spent fuel shall be
cptained from ORNL/TM-9891. If site meteorology is available, the
X/Q from Regulatory Guide 1.145 may be used to establish the dose if
radrzactive plume meander and directionality are to be taken into
account.

5.14 In Step 7, the prcbability or frequency of occurrence of the accident
scenarios in the event trees shall be classified. It is sufficient to denote
these events as either c¢redible or not credible. It is not regquired to
determine a3 numerizal probability for external, internal, and intermediats
events 1in the event trees, Similarly, numerical values for fault trees ars
not required.

5.15 Assessments of the probability of occurrences of initiating and
intermediate events shall be based on the following considerations:

Use of existing or published data.

Accepted predictive techniques.

Analyses of the performance of the system, and
Engineering judgment and experience.

- L PO o

5.16 The probability assessments may utilize previously published data of
equipment failures and documented Jjudgments of engineers and technical
specialists experienced in nuclear facility designs and their potential
failure modes.

5.17 Although not mandatory, standardized forms have been used in previous
repository assessments to document judgments.

5.18 The event trees constitute a data base for establishing the list of
items imc-rtant to safety. The regulation 10 CFR 60 provides a single
criterion, a dose specification, for identifying items important to safety.

Effective Date Revision Supersades Page No.

0 9 19 AP-5.10Q
of




YUCCA MOUNTAIN PROJECT N-AD-001B
ADMINISTRATIVE PROCEDURE 11788
CONTINUATION PAGE

-t
cal L8

AP-6,10Q IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY

The following two considerations shall be used in Step 8 to identify items
important to safety:

1. The dose criterion-an accident scenario must cause an offsite dose
of 0.5 rem or greater to merit consideration in identifying items
important to safety.

2. The probability criterion-an initiating event (internal or external)
or an accident scenario must either be termed "credible" or be
estimated to have a probability of occurrence greater than
1 x 10-¢/year to be considered in identifying items important to
safety.

5.19 In addition to the two above considerations in 5.18, other
considerations shall be used in Step 9 to identify items important to safety
based on other project criteria such as:

1. Probability of occurrence.
2. Historical licensing experience.
3. Consensus judgment.

5.20 Using the criteria in 5.18 or 5.19, the event trees shall be assessed
in Steps 8, 9, 10, 11, and 12 to identify which items established in the
design or AP-6.9Q are important to safety. If the dose screening criterion
of 0.5 rem is exceeded in a credible accident scenario, that scenario shall
be classified in Step B8 as a Q-scenario. The Q-scenario shall be furthsr
assessed in Step 10 to identify specific items impcrtant to safety.
Scenarios not exceeding these criteria of 5.17 and 5.18 are classified as not
Q-scenarios or NQ-scenarios.

§,21 All NQ-scenarios from Step 8 shall be assessed again in Step 9 using
the criveria of 5.19 in order to introduce a degree of conservatism into the
assessments of items important to safety. Because of this conservatism,
which could be unnecessarily excessive, some NQ-scenarios from Step 8
reclassified as Q-scenarios in Step 9 may be reclassified as NQ during a
subsequent assessment us.ny this procedure. In such cases, all items
involved in the reclassified Q-scenario will be removed from the list of
items classified as important to safety.

5.22 For Step 9, scenarios not satisfying the criteria of Step 8 shall be
reclassified as Q-scenarios (1) if the scenario is sufficiently similar to
others historically classified as Q-scenarios, or (2) when practical
considerations based on judgment indicate it could be a Q-scenario, or (3) a
calculated probability is sufficiently close to either of the two probability
criteria of 5.18 that a variation in assumptions or data could caus¢ either
criterion to be exceeded, or (4) when both dose consequences and a calculated
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probability are sufficiently close to the criteria values in 5.18 that a
variation in assumptions or data could cause them to exceed these values,
Scenarios not reclassified in Step 9 as Q-scenarios sHall remain as
NQ-scenarios.

5.23 In sStep 10, all NQ-scenarios shall be eliminated from further
consideration in identifying items important to safety.

5.24 In Step 11, the (Q-scenarios from K Steps 8 and 9 shall be assessed
further to identify which of the possible items in the facility design or
established in AP-6.9Q are to be classified as important to safery. The
assessment shall determine which role specific items play in the accident
scenarios. These assessments and the rationale for assigning specific items
as important to safety shall be documented.

5.25 The assessment in Step 11 shall include a classification of items from
AP=6,9Q. The results shall include a swmary tabulation of the items
compartment location, their classification, and a basis for their classi-
fication as either important to safety or not important to safety. Exhibit 3
is a sample format for reporting the summary tabulation of items not
important to safety.

5.26 Considerations for classifying specific items as important to safety
may include;

1. Their failure directly causes the relesase of radicactive mater:ials
that exceed the 0.5 rem dose criterion.

2. Their failure causes the loss of essential consequence mitigating
items that are relied on to lower the probability of exceeding any
offsite accident dose 1limit criterion (e.g., 5 rem) to less than
10-%/year, taking into account the initial failure probability.

5.27 In Step 12, a summary listing of all items classified as important to
safety shall be compiled and documented. The sample format for reporting
this compilation is ghown as Exhibit 4 and shall be referred to as the list
of items important to safety.

5.28 The assessment in this procedure is iterative. In the facility design
context, iterative means that each stage of design generated in the design
description documents shall be assessed using the process in Exhibit 2 and
the list of items important to safety (Exhibit 4) revised if necessary.

5.29 In Step 13, any list of items important to safety from an earlier
design stage shall be reviewed, revised, and updated to reflect the current
design stage and assessment using this procedure. In this iterative design
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£.36 Revisicns., During the life of the Project when changes are made in the
criteria, data, analyses, etc. that were used to establ ish the List cf Items
Imperzant o Safety, the cognizant TPO ¢r his designee, will review vhee
changes and submit a revised candidate list to the PM. The FPM will then
arrange review of the revised candidate list and revise the Yucca Mount in
P::ject List of Items Important to Safety as necessary acccriing o
app.icable Pruject procedures.

6.0 REFERENCES

§.2 PROJECT ADMINISTRATIVE PROCEDURES AP-1.7Q, RECORDS MANAGEMENT

(43
o

NUREG-1318

Duncan, A. B., £. G. Bilhern, and J. E. Kennedy, "Technical Position on Items
and Activities in the High-Level Waste Geolcgic Repository Program Subject to
Quality  Assurance  Recuirements,” U.8. Nuclear Regulatory Ccocmmission,
NUREG~-1318, April 1988.

Sunning, D. E., Jr., G. G. KRillough, S. R. Bernard, J. C. Pleasant (Eas:
Tennessee States University), and P. J. Walsh (Oak Ridge Nat*ona- Labcratcryy,
"Estmmate of Internal Decse Equivalent to 22 Target Organs cf Radicnucl:ides

n

cﬁ\w\’vqﬂ

rin i Routine  Releases from Nuclear rue--”y:le Facwlit.ues,
NUREG/CR=-CLEC, Velume 3, July 1981.

G. R. and J. K., Soldat, "Age-Specific Radlatlon Dose Commitment
¢r a One-Year Chronic Intake," NUREG/CR-0172, November 1977

£.5 NUREG/CR-1818

Kocher, D. C., "Dose Rate Conversion Factors for External Expcsure to Photons
and Electrons," NUREG/CR-1%18, August 1981.

6.6 NUREG/CR=-2300
g of Nuclear Regulatory Research, "PRA Procedures Guide: A Guide to the

ance of Probabilistic Risk Assessments for Nuclear Power Plans, "
“R-2300, YVolume 2, U.S. Nuclear Regulatory Commission January 1983.

[ S ()
oS

El{feczive TData Revision Superseass Page No.

-
fre]

! 1 P-6..0C
J . of A J

A-14



YUCCA MOUNTAIN PROJECT N-AD-0018
ADMINISTRATIVE PROCEDURE 11/88
CONTINUATION PAGE

AF<£.10Q IDENTIFICATION OF ITEMS IMPCRTANT TO SAFETY

Reddy, J. W., H. (. Clairbcrne, R. C. Ashline, P. O, Jchnseon, and B, T
Rhyne, "Physical and [ecay Charactaristics of Commercial of LWR Spert Fuel,”
ORNL/TM=9591/V1&RY, Oak Ridge National Labcratory, Oak Ridge, TN, 1386.

5.8 Regulatory Guide 1.109

U.S. Nuclear Regulatory Commission, "Calculation of Annual Doses <o
Routine Releases of Reacters Effluents for the Purpcse of Evaluating
compliance with  1OCFRS0  Appendix I, "Requiatory Guide 1.109, Revision I,
October 1977,

6.9 Regulatory Guide 1.145

.8, Nuclear Regulatory Commassion, "Atmospheric Dispersicn Medels for
Potential  Accident  (Consequence Assessments at  Nuclear Power Plants,”
Regulatcry Guide 1.145, Revision 1, Novemper 1982.

€.10 Regulatory Guide 1.12%

U.S. Nuclear Regulatory Commission, “Assumptions Used for Evaluating the

Potent:al Radiologiczal Consequences nf a Fuel Handling Actident in the “Fuel

Haniling and Storage Fac:ility for Beiling and Pressurizecd Water Reactsrs,’
3

a
Requlatcry Guide 1.2 87

, March 1972,

LI

.11 Regulatory Guide 1.2

(o 23

U.£. Nuc lear Regqulatory Commission, "Assumptions Used for Evalu
Potentia. Radiologizal Consequences of Loss of Coolant Accident I¢
Water Reactors," Regqulatory Guade 1.3, Revisicn 2, June 1974.

6.12 SANDB4-2641-F

at.cn Plan Cenc

MacDougall, . R., Compiler, "Draft-%. riz eptu
osure Radiation Safet

Design Report,” SAND84-2€41, Appendix
Analysis Study," November 1986.

“’!rf

.13 WM=-87

Jardine, L. J., "Utilization of Probabilistic Risk Assessments to Guide
Conceptual Designs of a Repository,® Proceedings of Waste Management-87:
Tucson, p. <7, 1987.

Effective Date Revisicon Supsrsedes Page No.

0 4 AP=-6..0C¢

(el

f—

of




YUCCA MOUNTAIN PROJECT
ADMINISTRATIVE PROCEDURE
CONTINUATION PAGE

N-AD-0018
11/88

| e ———
Titae
AP-£.10Q IZINTIFICATION QOF ITEMS IMPCRTANT TO SAFETY
7.0 APPLICAELE FORMS
EXHIBIT 1 =~ TFlowchar: cf Responsibilities for AP-6.10¢.
EXHIBEIT 2 =~ General Steps: Flow Chart for Identifving Items Imperzant to
Safety.
EXKIBIT 3 - Sample Format for List of Items Classif.ed as Not Important o
Safety.
EXKIBIT 4 =~ Sample Format for List of Items Classified as Important o
Safety.
8.0 RECCZRDS
The following documents, used or generated in the implementation of this
procedure, have been :dentified as Quality Assurance Reccrds and shall te
fcrwarded wo Central Records Facilility for processing in accordance with
AP-1.70 Reccrds Managemen:t Other documents shall be added :f ident:.fled as
QA Reccrds <o oe maintasned by or for DOE.
> Swmwnary takbulaticn of items not important to safety
o List of items wapertant to safety
o Assessment repcr: documentation that may include:
-~ Checklists
- creened internal and external events
Effecuive Date Revision fupersecen Page Ne
0 15 13 | AP-£.1010

of

A-16




YUCCA MOUNTAIN PROJECT
ADMINISTRATIVE PROCEDURE
CONTINUATION PAGE

N-AD-QO1B
11/88

AP=&.10Q IDENTIFICATION OF ITEMS IMPORTANT TC SAFETY

AP-8,10Q

ITEMS IMPORTANT
TO SAFETY

y

PW

s Authonzes modificstion
of cragpon of foms
impartint o sefety ((TS)

A
TRO or Project Deaignes
8 Agmgre PSM

Y

P3M
o implermnernts AP$.100
¢ Agsembies Assassmaernt
Team
o Genorxins iists of TS
¢ Generxies listy of tams
nek TS
o Submns resutts to TPO
\
™0
o Approvea & trangmes
resuits 1o PM

\J

PM
o Acceos fists of TS,
it ot 1S, & repont
GOCLIMMRABON
® igsuas to Documaent
Controt (D)
o kaues to CCY

o]
o Combanes sty of (TS &
ITWI & rnaes Q-list
o tssuos O-tut to OC

MEFLOW.001/1 448
ADMAUHS TRATIVE PROCEDURE

Exhibit 1. Flow Chart of Responsibilities for AP-6.10Q.

Effect.ve Date

Revis.ion Suparsedas Pags

0 16 of

No.
18 AP-6.10¢




YUCCA MOUNTAIN PROJECT '1\‘1-7«8%0018
ADMINISTRATIVE PROCEDURE
CONTINUATION PAGE

AP-6.10Q IDENTIFICATION OF ITEMS IMPORTANT TO SaF

wr
(a3
@

e
3

. Seliect documented design configuration.

facilisy and system compartments.

(3]
ot
W
L8
r2
|
1]
h
¢
3
[

(92]
T
i)
0

(V%3
2
n

W

s
E

compartment locatiens to items from AP-6.9Q.

Identify and screen initiating events %o establish credible and
signifzcant internal and external events.

w
ia 4
o
el
oL

Steyr &: Develcp event trees for accident scenarios. If necessary, develop
£ - -
fault trees,

Step © Est:mate dose consequences for event trees.

Step 7 Classify accident scenarios as (1) credible, (2) nct credible cr
(2) make (cptional) qualitative estlmates of frequency of
otcurrences.

Sterp % ldentify credible scenarics in event trees that exceed dese
srizerwon and denote as Q-sSCenarics reguiring fur her assessmen

Step & Identify any other scenarios in event trees that exceed other
precect criteria and denote as Q-scenarios requiring further

assessment.
Step 12: Eliminate all NQ-scenarios in event trees from further assessment.

Step Zil: Evaluate all Q-scenarics tc identify specifiz ltems important o
safety

Step 1Z2: Construct list of items identified as important to safety.

Srep 13 Repeat, or iterate, staeps

1 to 12 for the various stages c¢f des.gn
and review, revise, and update items previously .dent:ufied as

impertant to safety.

Exhilbit 2. General Steps: Flow Chart for Identifying Items Important to

Safety.
Effactive Date Revision Suparseaes Page No
¢ 17 of 19 R SIN




YUCCA MOUNTAIN PROJECT N-ADOC18
ADMINISTRATIVE PROCEDURE 8
CONTINUATION PAGE

Tatle
AP=6.10Q IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY
CLASSIFICATION OF ITEMS: SUMMARY OF ITEMS NOT IMPORTANT TQ SAFETY
COMPARTMENT
TTEM LOCATION(S) COMMENTS

Exhibit 3.

Sample Format for List of Items Classified as
Not Important to Safety.

Effective Datas

0

Revision Superseden Page No .

18 of 19 ApP-6.10




YUUCCA MOUNTAIN PROJECT N-AD-0018
ADMINISTRATIVE PROCEDURE 11/88
CONTINUATION PAGE

itae

AP-6.10Q IDENTIFICATICN OF ITEMS IMPORTANT TO SAFETY

LIST OF ITEMS CLASSIFIED AS IMPORTANT TO SAFETY

COMPARTMENT
ITEM LOCATION (S) COMMENTS
Exhibit 4. Sample Format for List of Items Classified as Important to
Safety.
Effective Date Revision Supersedes Pags I No.
0 19 19 | AP-6.10C¢
of




Appendix B
Information from the Reference Information Base
Used in this Report
This report contains no information from the Reference Information Base.
Candidate Information
for the

Reference Information Base

This report contains no candidate information for the Reference
Information Base,

Candidatz Information
for the

Site & Engineering Properties Data Base

This report contains no candidate information for the Site and Engineering
Properties Data Base.
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